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PREFACE. 


1  HE  work  which  I  now  submit  to  the  judgment 
of  geogno3t3  includes  nearly  the  whole  of  the  sub- 
ject of  positive  geognosy.  If  I  have  accomplished 
the  end  which  I  proposed,  the  phenomena  of  the 
most  remarkable  superpositions  of  rocks  in  both 
hemispheres,  north  and  south  of  the  equator,  will 
appear  arranged  in  the  order  of  their  mutual  rela- 
tions. I  cannot  flatter  myself  with  having  suc- 
ceeded in  comprising  within  so  narrow  a  space,  so 
great  a  variety  of  objects ;  but  I  hope  that  my 
work  will  contain  two  sources  of  interest  ^  that  of 
making  known  a  considerable  number  of.  observa- 
tions which  had  not  hitherto  been  published,  and 
that  of  presenting  some  g^ieral  views  on  the  suc- 
cession of  those  rocks  which  have  been  considered 
as  the  terms  of  a  simple  or  a  periodical  series. 

The  comparison  of  the  rocks  of  the  old  world 
with  those  of  the  Cordillera  of  the  Andes,  has  been 
deduced  exclusively  from  my  own  resevches.  To 
guard  myself  against  the  danger  of  flrst  impres- 
sions, and  the  errors  which  might  9x'»^  £'om  certain 
prejudices,  I  have,  witJiin  a  few  mcwths  past,  read 
over  all  the  manuscripts  which  I  had  written  dur- 
ing my  ti'avels  ^  and  I  have  compared  the  descrip- 
tions with  the  sections  and  pr(^es  of  the  mountains 
which  were  drawn  on  the  spot.  .  After  having  con- 
sidered the  whole  of  their  geogtiosUc  relations,  I 
have  confined  myself  to  those  which  appeared  to 
me  the  most  certain  or  the  most  probable,  and  I 
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frankly  state  what  still  demands  a  more  particular 
examination. 

Previous  to  the  application  of  systematic  names 
to  the  formations  of  the  Andes,  of  the  Oronoco, 
of  the  Amazon,  or  of  New  Spain,  I  have  described 
their  various  relations  of  position,  of  composition, 
and  of  structure.  This  method,  which  I  have  con- 
stantly followed,  will  enable  the  reader  to  decide 
more  easily  on  the  degree  of  confidence  which  my 
arrangements  merit.  If  it  be  recollected,  that  be- 
fore my  travels  in  equinoctial  America,  scarcely  any 
rock  in  that  country  had  been  named,  and  that  I 
could  not  be  guided  in  the  study  of  superpositions 
by  any  anterior  observations,  it  will,  I  hope,  appear 
less  surprising,  should  all  my  descriptions  not  be 
found  equally  perfect.  The  articles  whicli  I  have 
devoted  to  the  difierent  formations  are  of  unequal 
length,  according  to  the  number  of  facts  which  I 
have  been  able  to  state  respecting  them. 

In  this  geognostical  essay,  as  well  as  in  my  re- 
searches on  the  isothermal  lines,  on  t^e  geography  of 
plants,  and  on  the  laws  which  have  been  observed 
in  the  distribution  qf  organic  bodies,  I  have  endea- 
voured, at  the  same  time  that  I  presented  the  detail 
of  the  phenomena,  to  generalize  the  ideas  respect- 
ing them,  and  to  connect  them  with  the  great 
questions  in  natural  philosophy.  I  have  dwelt 
chiefly  on  the  phenomena  of  altemation,  of  oscitto' 
tion,  and  of  local  suppression,  and  in  those  which 
result  from  the  passage  of  one  formation  to  another 
in  consequence  of  interior  developement.  These 
subjects  are  not  mere  theoretical  speculations ;  far 
from  being  useless,  they  lead  us  to  the  knowledge 
of  thelaws  of  nature.    It  would  degrade  the  sciences 
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to  make  their  progress  depend  solely  on  the  accu- 
mxJation  and  study  of  particular  phenomenal 

It  is  already  many  years  since  I  first  announced 
the  table  of  positions  which  I  now  publish.  The 
hesitation  with  which  it  is  usual  to  proceed  to  the 
printing  of  a  work  long  expected,  would  perhaps 
have  still  ferther  retarded  this  publication,  had  I 
not  been  compelled  to  it  by  the  duties  of  friendship. 
M.  Levrault,  rector  of  the  Academy  of  Strasburg, 
one  of  those  estimable  and  useful  men  who,  while 
existing,  receive  ti-om  their  cotemporM-ies  the  tri- 
bute of  gratitude  which  they  merit,  requested  my 
co-operation  in  the  grand  literary  work  which  he 
had  confided  to  the  celebrated  professors  of  the 
Museum  of  Natural  History  of  Paris ;  and  he  suc- 
ceeded in  overcoming  the  repugnance  which  I  have 
idways  felt  for  engaging  in  this  kind  of  labour. 
I  promised  him  that  I  would  undertake  for  his 
"  Dictionnaire  des  Sciences  Naturelles,"  the  article 
Geography  of  Plants.  Some  unforeseen  occupa- 
tions  having  prevented  me  from  fulfilling  my 
promise,  this  article  has  been  supplied  by  M.  De 
CandoUe,  with  the  distinguished  t^ent  that  charac^ 
terises  all  his  works  ;  and  I  have  only  added  to  it 
researches  on  the  numerical  relations  of  vegetable 
forms,  and  on  the  distribution  of  those  forms  in  the 
different  climates.  As  a  kind  of  compensation,  I 
offered  to  write  the  article  Geognosy,  in  which 
would  be  comprehended  the  description  of  the 
sev»^  formations.  ■  The  following  work  consists 
of  this  article,  which  is  now  printed  separately.  It 
is  nearly  of  the  same  extent  as  the  article,^frm<i/K>n 
{terram),  which  an  excellent  geognost,  M.  de  Bon- 


jbyGooglc 


nard,  has  given  in  the  "  Dictionnaire  d'Histoire 
Natiirelle,"  which  is  less  voluminous,  and  is  pub- 
lished by  M.  Deterville.  It  appeared  to  me  tliat 
cme  could  not  better  arrange  the  facts  according 
to  their  natural  relations,  than  by  devoting  forty 
sections  to  forty  mdependeni  formations. 

I  have  been  particularly  careful  to  indicate  tiie 
localities  of  the  most  interesting  phenomena  of  po- 
sition ;  and  I  have  frequently  added  to  them  the 
results  of  my  bM-ometrical  measurements.  When 
there  has  been  any  doubt  with  respect  to  those  coun- 
tries of  which  we  have  only  very  imperfect  maps> 
I  have  mentioned  such  latitudes  as  I  had  deter- 
mined during  my  excursions  in  the  Cordilleras. 

I  have  explained,  at  the  end  of  the  work,  the 
principles  of  a  geognostic  poMgraphy ;  and  have 
wished  "to  shew  that  by  means  of  a  very  simple 
notation,  and  by  omitting  the  structure  and  com- 
position of  rocks,  we  may  express  with  great  fa- 
cility the  most  complicated  relations  that  exist  be-- 
tween  the  position  and  the  periodical  recurrence  of 
formations.  This  method  of  notation  and  concise 
langu^e  render  evident  the  identity  of  phenomena, 
which,  when  disguised  by  accidental  circumstances, 
might  at  first  !q>pear  to  be  very  different.  The 
pasigraphic  notation,  which  proceeds  by  series,  and 
which  presents  an  almost  algorithmic  method,  is 
more  susceptible  of  perfection  than  the  imitaiive 
QT  figured  pasigraphy.  Both  these  appear  to  me 
to  be  important  in  geology  j  for  it  is  witii  the  pa- 
fHgr^hic  language  as  with  languages  in  general ; 
^e  ideas- become  more  clear  in  proportion  as  the 
signs  which,  express  them  are  improved. 
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INTRODUCTION. 


In  geognosy,  the  ^kotA  formation  either  denotes 
the  manner  in  which  a  rock  has  been  produced,  or 
it  designates  an  assemblage  of  mineral  masses  so 
intimately  connected,  that  it  is  supposed  they 
were  formed  at  the  same  epoch,  and  that  they  pre- 
sent, in  the  most  distant  parts  of  the  earth,  the  same 
general  relations,  both  of  composition,  and  of  situ- 
ation with  respect  to  each  other.  Thus  the  form- 
ation  of  obsidian  and  of  basalt  is  attributed  t9 
subterraneous  fires;  and  it  is  also  said  that  the 
Jbrmation  of  transition  clay-slate  contains  Lydian 
stone,  chiastolite,  ampelite,  and  alternating  beda 
of  black  limestone,  and  of  porphyry.  The  first 
acceptation  of  the  word  is  the  most  conformable 
to  the  genius  of  the  French  language ;  but  it  re- 
lates to  the  origin  of  things,  and  to  an  uncertain 
science-  founded  on  geogonic  hypotheses.  The 
second  acceptation,  now  generally  received  by 
the  French  mineralogists,  has  been  borrowed  from 
the  celebrated  school  of  Werner,  and  indicates,  not 
what  is  supposed  to  have  been,  but  what  now  exists. 
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In  the  geognostic  description  of  the  gtobe,  we 
may  distinguish  different  modes  of  grouping  mineral 
substances,  as  we  ascend  to  more  general  ideas. 
Rocks,  which  alternate  with  each  other,  which  are 
found  usually,  together,  and  which  display  the  same 
relations  of  position,  constitute  the  sa.meJbJination  ; 
the  union  of  several  formations  constitutes  a  geo- 
logical series  or  a  district  (terrain)  ;  but  the  terms 
rocks,  formations,  and  terrains  *,  are  used  as 
synonymous  in  many  works  on  geognosy. 

The  diversity  of  rocks,  and  the  relative  position 
of  the  beds  which  form  the  oxidated  crust  of  the 
globe,  have,  from  the  most  remote  times,  fixed  the 
attention  of  men.  Wherever  the  working  of  a  mine 
was  directed  on  a  mass  of  salt,  coal,  or  clay  iron- 
stone, covered  by  successive  beds  of  a  different 
nature,  it  gave  rise  to  ideas  more  or  less  precise, 
on  the  arrangement  of  the  rocks  peculiar  to  a 
tbrmation  of  small  extent.  Possessed  of  tMs  local 
knowledge,  but  influenced  by  pr^udices  having 
their  source  in  habit,  miners  spread  themselves  over 
contiguous  countries,  and,  as  geognosts  have  often 
done  in  our  days,  they  decided  upon  the  positions 
of  rocks,  of  the  nature  of  which  they  were  igno- 
rant, according  to  incomplete  analogies, 'and  the 
confined  ideas  they  had  originally  acquired.  These 
errors  must  have  had  a  fatal  influence  on  the  suc- 

•  We  have  no  word  in  the  English  language  that  will  accu- 
rately express  terrain,  as  used  in  geology  by  the  French :  it  here 
means  a  series  of  fbrmations ;  but  sometimes  also  ttrrain  denotes 
a  tract  or  district  consisting  of  a  particular  class  of  rocks.— 
TranAOoT. 


jbyGoogIc 


cess  of  their  researches.  Instead  of  studying  the 
connection  between  two  successive  formations,  in- 
stead of  extending  the  first  types  of  fonnations 
which  had  been  impressed  on  their  minds,  they 
imagined  that  each  portion  of  the  globe  difiered 
in  its  geological  constitution.  This  very  ancient 
popular  opinion  has  been  adopted  and  maintained 
by  very  distinguished  men  in  different  countries  ; 
but  when  geognosy  was  raised  to  the  rank  of  a 
science,  when  the  art  of  interrogating  nature  was 
improved,  and  when  joumi^  to  distant  countries 
fiimished  a  more  exact  comparison  between  dif- 
ferent formations,  great  and  immutable  laws  were 
recognised  in  the  structure  of  the  globe,  and  in 
the  superposition  of  rocks.  The  most  striking 
analogies  in  the  position,  composition,  and  the  in-- 
cluded  organic  remains,  of  contemporary  beds, 
were  then  observed  in  both  hemispheres  ;  and  in 
in  proportion  as  we  consider  Jbrmatiorts  under  a 
more  general  point  of  view,  their  identity  daily 
becomes  more  probable. 

In  fact,  when  we  examine  the  solid  mass  of  our 
planet,  we  soon  perceive  that  some  of  the  sub- 
stances, which  oryctf^osy  (or  descriptive  miner- 
alogy) has  made  known  to  us  separately,  are  found 
in  constant  associations,  and  that  those  associations, 
which  are  called  compound  rocks,  do  not  vary,  like 
organised  beings,  according  to  the  difference  of 
latitude,  or  of  the  isothermal  bands  under  which 
they  are  placed.  Geognosts,  who  have  travelled 
through  the  most  distant  countries,  have  not  only 

B  !2' 
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found,  for  tiie  most  part,  in  the  two  hemispheres, 
the  same  simple  substances,  quartz,  feldspai',  mica, 
garnet,  and  hornblende ;  but  they  have  also  observ- 
ed that  mountain- masses  display  every  where  the 
same  rocks  j  that  is,  the  same  assemblages  of  mica, 
quartz,  and  feldspar,  in  granite ;  of  mica,  quartz,  and 
garnets,  in  mica-slate ;  and  of  feldspar  and  horn- 
blende, in  syenite.  If  it  has  sometimes  been  consi- 
dered, that  a  rock  belongs  exclusively  to  a  single, 
portion  of  the  globe,  subsequent  researches  have 
shown,  that  it  also  occurs  in  regions  the  most  dis- 
tant from  its  first  locality.  Thus  we  are  almost 
led  to  admit,  that  the  formation  of  rocks  has  been 
independent  of  the  diversity  of  climates,  and  per- 
haps anterior  to  its  existence. "  There  is  an  iden- 
tity even  in  those  rocks  where  organized  bodies, 
are  the  most  variously  modified. 

But  this  identity  of  composition,  this  analogy  which 
is  observed  in  the  association  of  certain  simple  mi- 
neral substances,  may  be  independent  of  the  ana- 
logy of  their  position,  and  their  succession.  Speci- 
mens of  the  same  rocks  that  are  found  in  Europe 
may-_  have  been  brought  from  the  islands  of  the 
Pacific.  Ocean,  or  the  Cordilleras  of  the  Andes ;  yet 
perhaps  we  are  not  authorised  to  conclude  from , 
thence,  that  these  rocks  are  superposed  in  a  similar 
order,  and  that  from  the  discovery  of  one,  it  can  be 
predicted,  with  certainty,  what  the  others  are  which 
occur  in  the  same  places.  *    Geognosts,  who  are 

"  Humboldt,GeographyofPIants,  IS07,  p.  115.  Idem, Views  . 
of  the  Cordilleras,  vol.  i.  p.  122. 
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devoted  to  the  study  of  the  laws  of  unorganized 
nature,  should  direct  their  labours  towards  the 
recognition  of  these  analogies  of  respective  po- 
sition. An  attempt  is  made,  in  the  following  table, 
to  collect  what  is  known  with  most  certainty  of 
the  superposition  of  rocks  in  both  continents 
north  and  south  of  the  equator.  These  types  qf 
Jbrmations  will  not  only  be  extended,  but  also 
variously  moditied,  in  proportion  to  the  increase 
of  travellers  practised  in  geognostic  observationsi 
and  also  when  complete  monographies  of  different 
countries  far  remote  iroraeach  other  shall  furnish 
more  precise  results. 

The  developement  of  the  order  which  is  ibund 
to  exist  in  the  superposition  of  rocks  forms  the 
most  important  part '  of  geognostic  science.  It 
must  be  allowed,  that  great  difficulties  often  pre- 
sent themselves  in  the  observation  of  positions ; 
either  when  we  cannot  arrive  at  the  junction  of  two 
adjoining  formations,  or  when  they  do  not  exhibit 
a  regular  stratification,  or  when  their  position  is  not 
tmiform,  that  is,  when  the  strata  of  the  superior 
formation  are  not  parallel  to  those  of  the  lower. 
But  these  difficulties  (and  it  is  one  of  the  chief 
advantages  in  observations  which  extend  to  a  con- 
siderable portion  of  our  planet)  diminish,  or  even 
disappear  entirely,  on  comparing  together  several 
formations  of  great  extent.  The  order  of  super- 
position and  the  relative  age  of  rocks  are  facts 
susceptible  of  being  determined,  like  the  structure 
of  a  plant,  the 'proportion  of  the  elements  in  ^  a, 
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chemical  compound,  or  the  height  of  a  mountain 
above  the  levei  of  the  sea.  True  geognosy  describes 
the  exterior  crust  of  our  globe  such  as  it  exists  in 
our  days.  This  science  has  no  less  certainty  than 
the  physical  descriptive  sciences  in  general:  on 
the  contrary,  whatever  relates  to  the  ancient  state 
of  our  planet,  to  those  fluids  which,  it  is  said,  held 
all  mineral  substances  in  solution,  to  those  seas 
which  have  covered  the  summit  of  the  Cordilleras, 
and  have  afterwards  disappeared,  is  as  uncertain 
as  the  formation  of  the'  atmosphere  of  the  planets, 
as  the  various  migrations  of  plants,  or  the  origin 
of  the  diflerent  varieties  of  our  species ;  yet  the 
time  is  still  not'  very  remote  when  geoUsts  were 
occupied  from  choice  in  the  solution  of  these  pro- 
blems, and  with  tliis  fabulous  period  of  the  physical 
history  of  the  earth. 

To  render  more  intelligible  the  principle  upon 
which  this  tabular  arrangement  of  the  superposi- 
tion of  rocks  is  constructed,  it  ought  to  be  preceded 
by  some  remarks  deduced  from  the  practical  study 
of  different  formations.  We  shall  begin  by  ob- 
serving, that  it  is  not  easy  to  circumscribe  the  limits 
of  a  formation.  The  limestone  of  the  Jura  and 
the  Alpine  limestone,  entirely  distinct  in  one  region, 
appear  sometimes  closely  connected  in  another. 
What  proves  the  independence  qf  a  formation,  as 
M.  de  Buch  has  well  observed,  is  its  immediate 
superposition  on  rocks  of  a  diflferent  nature,  which, 
consequently,  ought  to  be  considered  as  more 
ancient    The  red  sandstone  constitutes  an  inde* 
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pendent  formatloo,  because  it  Is  superposed  indif- 
ferently on  black  transition  limestone,  micarslate, 
and  primitive  granite  ;  but  in  a  region  where  the 
great  formation  of  syenite  and  porphyry  predo- 
minate those  two  rocks  constantly  alternate.  It 
thence  results,that  the  syenite  is  subordinate  to  the 
porphyry,  and  scarcely  any  where  covers,  by  itseWi 
the  clay-slate  of  transition  or  the  primitive  gneiss. 
But  the  independence  of  formation  in  no  manner 
excludes  umjbrmity  or  concordance  of  position  ;  it 
rather  excludes  the  oryctognostic  passage  between 
two  superposed  formations.  Transition  formations 
have  very  often  the  same  direction  and  the  same 
dip  as  primitive  formations ;  and  yet,  however  near 
may  be  the  dates  of  their  origins,  we  are  not  the 
less  justified  in  considering  the  anthracitous  mica- 
slate,  or  grauwacke  alternating  with  porphyry, 
as  two  formations  independent  of  the  granite  and 
the  primitive  gneiss  which  they  cover.  The  uni- 
formity of  position  (jgletckforuiigkeit  der  lagenmg) 
furnishes  no  argument  against  the  independence  of 
formations,  or  the  considering  a  rock  as  a  distinct 
formation.  It  is  because  the  independent  form- 
ations are  placed  indifierenUy  on  all  the  most 
ancient  rocks,  (chalk  upon  granite,  or  red  sandstone 
on  primitive  mica-slate,)  that  the  union  of  a  great 
number  of  observations  made  on  very  remote 
points  becomes  eminentiy  useful  in  determining 
the  relative  age  of  rocks.  In  order  to  ascertmn 
if  the  zircon  syenite  be  a  transition  rock,  we  must 
shew  that  it  is  placed  on  formations  posterior  to 
B  4 
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the  black  limestones  containing  orthoceratites.  The 
observations  made  by  M.  Beudant,  one  of  the  most 
distinguished  geologists  of  the  present  day,  on  the 
porphyries  andsyenites  of  Hungary.may  throw  great 
light  on  the  formation  of  the  American  Andes :  and 
thus,  a  plant  discovered  in  India  may  point  out  the 
natural  affinity  between  two  fiimilies  of  plants  of 
equinoxial  America. 

The  order  which  is  followed  in  the  tabuiar 
arrangement  qf  formatimis,  is,  that  of  the  place, 
and  the  respective  position  of  the  rocks.  I  do  not 
pretend  that  this  situation  and  positicm  has  been 
actually  observed  in  every  region  of  the  earth;  I 
only  state  them,  such  as  they  appeared  to  me  tlie 
most  probable,  after  having  compared  a  great  num. 
ber  of  facts  that  I  have  collected.  I  have  beea 
guided  by  the  idea  of  the  relative  age  of  rocks,  in 
this  yet  very  imperfect  labour  which  was  begun 
long  before  my  voyage  to  the  Cordilleras  of  tlie 
new  continent,  in  the  year  1792,  when,  upon  leaving 
the  school  of  Freyberg,  I  was  appointed  to  the 
direction  of  the  mines  in  the  Fichtelgebirge. 

A  rock  may  vary  in  composition :  some  of  its 
integrant  parts  may  be  subtracted  Irom  it,  or  other 
substances  maybe  found  disseminated  in  it;  and  yet, 
in  tlie  opinion  of  a  geognost  who  has  studied  the 
superposition  of  formations,  the  rock  ought  not  to 
ch^ige  its  denomination.  Under  the  equator,  as 
in  the  north  of  Europe,  the  beds  of  a  real  transition 
syenite  lose  their  hornblende  without  becoming 
anotlier  rock.     The  granites  on  the  banks  of  the 
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Oronoco  sometimes  contain  hornblende,  and  yet 
should  still  be  considered  aa  primitive,  although 
they  are  not  of  the- first  or  moat  ancient  formation. 
These  tacts  have  been  admitted  by  all  experienced 
geognosts.  The  essentia  character  of  the  identity 
of  an  independent  formation  is  its  relative  position, 
or  the  place  which  it  occupies  in  tiie  general  series 
of  formations.  (Vide  the  classical  memoir  by  M.  de 
Buch,  Heber  der  Begriff  e'lner  gebirgsart,  in  the 
Mag.  der  Naturf.  1810.  p.  128 — 133.)  For  the  same 
reason  a  mere  solitary  fragment,  an  insulated  speci- 
men of  a  rock  found  in  a  collection,  cannot  be  geo- 
gnostically  determined,  that  is,  as  belonging  to  one  of 
the  numerous  beds  of  which  the  crust  of  our  planet 
is  composed.  Chiastolite,  the  accumulation  of  car- 
bon,or  the  nodulesofcompactlimestone  in  clay-slate, 
nigrine  or  epidote  in  syenites  (alternating  with  gra- 
nites or  porphyries),  and  conglomerates  contained  in . 
anthracitous  mica-slate,  point  out  tranMtion  form- 
ations ;  in  the  same  manner  as  from  the  important 
labours  of  M.  Brongniart,  petrifactions  of  shells 
preserved  entire  indicate  with  precision  certain 
beds  of  the  tertiary  formation.  But  these  observ- 
ations, where  we  are  guided  by  disseminated  sub- 
stances, or  by  characters  simply  zoological,  com- 
prehend only  a  small  number  of  rocks  of  late  origin  j 
and  observations  of  this  kind  often  lead  only  to  ne- 
gative facts.  Characters  drawn  from  the  colour  of 
the  grain,  or  the  small  veins  of  carbonate  of  lime 
that  run  through  calcareous  rocks;  those  that  are 
derived  from  the  fissile  nature,  or  the  silky  lustre 
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of  the  clay-slate ;  the  general  aspect,  and  iiie  wavy 
character  of  the  scales  of  mica  in  mica-slates  j  the 
size  and  the  colour  of  the  crystals  of  feldspar  in 
granites  o€  various  formations ;  all  these  circum- 
stances may,  like  every  thing  connected  with  the 
habitus  of  minerals,  lead  the  most  acute  observer 
into  error.  No  doubt  black  and  white  are  the  dis- 
tinguishing colours  of  the  primitive  and  transition 
limestones;  no  doubt  the  formation  of  the  Jura,  par- 
ticularly in  the  superior  part,  is  genenUly  divided 
into  thin  beds  that  are  whitish,  with  a  fracture  duD, 
even,  or  nearly  flat  conchoidal;  but,  in -mountains 
of  transition  Umestone,  there  exist  insulated  masses, 
which  in  their  colour  and  texture  resemble  in  their 
oryctognostic  characters  the  Jura  formation  ;  there 
^e  also  hills  of  the  tertiary  formation  on  the 
south  of  the  Alps,  where  rocks,  subsequent  to  the 
chalk,  and  resembling  the  limestone  used  for  litho- 
graphy, are  found  analogous  to  the  fissile  and  dull 
limestone  of  the  Jura.  If  we  prefer  giving  to 
formations  names  derived  from  their  oryctognostic  , 
characters  only,  the  various  strata  of  the  same  com- 
pound rock,  when  its  thickness  is  considerable,  and 
when  it  can  be  traced  fiir  in  the  line  of  its  direction 
(streichungslinie),  may  appear  often  to  belong  to 
different  rocks,  according  to  the  points  from  which 
specimens  are  taken ;  consequently  we  can  scarcely 
determine  any  thing  geognostically  in  collections, 
but  the  suites  qf  rocks,  of  which  the  mutual  super- 
position is  known. 

In  advancing  these  opinion^  on  the  sense  which 
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we  ought  to  attach  to  the  tenn  independent  form- 
ations,  as  it  relates  to  the  following  tabular  arrange- 
ment of  their  position,  I  am  far  from  overlooking 
the  eminent  services,  which  the  most  detailed 
oryctognostic  examination,  and  the  profound  study 
of  the  composition  of  rocks,  have  rendered  to 
modern  geognosy,  and  especially  to  the  science  of 
the  position,  and  respective  situation  of  rocks ;  al* 
though,  according  to  the  important  discoveries  of 
M.  Hauy  on  the  intimate  nature  of  inorganic  and 
crystallized  substances,  there  cannot  exist,  properly 
speaking,  a  passage  from  one  mineral  substance  to 
another;  (Cordier,  sur  les  Roches  Volcanigues, 
p,  33. ;  and  Berzehus,  Nouveau  Sysieme  de  Mind- 
ralogie. )  The  passage  of  the  base^  or  mass  qfrockst 
is  not  confined  to  those  formations  that  are  gene- 
rally distinguished  by  the  name  of  compound  rocks. 
Those  considered  as  simple,  such  as  transition  lime-, 
stone,  or  secondary  limestone,  are  in  part  amor- 
phous varieties  of  mineral  species  of  which  tliere 
exists  a  crystallized  type  ;  and  partly  aggregates  of 
clay,  carbon,  &c.,  which  cannot  be  accurately 
determined.  It  is  on  the  variable  proportions  of 
these  heterogeneous  mixtures,  that  the  passages 
of  marly  limestones  to  other  schistose  formations 
are  founded ;  (Hauy,  Tableau  Comparatff  de  la 
Cristallographie,  p.  27.  30.)  All  the  amorphous 
bases  of  rocks,  however  homogeneous  they  may 
appear  at  the  first  aspect,  the  bases  of  porphyries 
and  euphotides  (serpentine),  as  well  as  those  black 
problematic  masses   that   constitute  the  basanite 
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(basaltes)  of  the  ancients,  and  which  are  not  all 
greenstorte  overcharged  with  hornblende,  are  ca- 
pable of  being  submitted  to  a  mechanical  analysis, 
M.  Cordier  has  employed  that  analysis  in  the  most 
ingenious  manner  to  greenstones,  dolerites,  and 
other  volcanic  productions  more  recent.  The 
most  minute  oryctognostic  examination  cannot  be 
unimportant  to  the  geognost  who  wishes  to  deter- 
mine the  relative  age  of  formations.  It  is  by  this 
kind  of  examination  that  we  obtain  a  just  idea 
of  the  progressive  manner  in  which,  by  interior 
devehpement,  (that  is,  by  a  very  slow  change  in  the 
proportions  of  elements  of  the  mass),  the  passage 
takes  place  from  one  rock  to  another  neighbouring 
rock.  The  schists  of  transition,  of  which  the  struc- 
ture seems,  at  first  sight,  so  different  from  that  of 
porphyry  or  granite,  present  to  the  attentive  ob- 
server striking  examples  of  insensible  passages  to 
rocks  that  are  granular,  porphyritic,  or  granitoid. 
At  first  these  schists  become  greenish,  and  harder  ; 
in  proportion  as  tlie  amorphous  paste  acquires 
hornblende,  it  passes  to  those  amphibolic  trap 
rocks  that  were  formerly  mistaken  for  basalt.  In 
other  places,  the  mica,  concealed  at  first  in  the 
amoi'phous  mass,  is  developed,  and  separates  into 
plates  distinctly  crystallized ;  at  the  same  time, 
the  feldspar  and  quartz  become  visible,  and  the 
mass  assumes  a  granular  appearance,  with  elongated 
grains  j  this  is  a  true  transition  gneiss.  The  grains 
lose  by  degrees  their  common  direction ;  tlie  crys- 
tals are  grouped  around  several  centers,  and  the  . 
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rock  becomes  a  granite,  or  a  transition  syenite. 
In  other  cases  the  quartz  aloi>e  is  developed,  aug-' 
ments,  becomes  formed  into  round  nodules,  and 
the  schist  passes  to  a  grauwacke  very  distinctly 
characterized.  By  these  certain  signs,  geognosts 
who  have  long  studied  nature,  never  fail  to  re- 
cognise the  proximity  of  granular,  granitoid,  or 
arenaceous  rocks.  Analogous  passages  between 
primitive  mica-slate  and  a  pwphyritic  rock,  and 
the  return  of  this  last  to  gneiss,  are  observed  in  the 
eastern  paits  of  Switzerland  ;  (Vide  the  luminous 
remarks  of  M.  de  Raumer,  Fragmente,  p.  10.  47.; 
M.  Leopold  de  Buch,  in  his  Voyage-  de  Glaris  a 
Chiavenna,  1803,  inserted  in  the  Mag.  der  Berl. 
Naiuif.  vol.  i.  p.  119-)  But  those  passages  are 
not  always  insensible  and  progressive  ;  rocks  often 
succeed  each  other  abruptly,  and  in  a  distinctly 
separate  manner.  Often,  (for  example,  in  Mexico, 
between  Guanaxuato  and  Ovexaras),  the  limits- 
between  the  schists,  the  porphyries,  and  the  sye- 
nites, are  as  distinct  as  between  the  porphyries" 
and  lime-stones;  but,  even  in  this  case,  hetero- 
geneous interposed  beds  indicate  geognostical  rela- 
tions ^  with  the  superposed  rocks.  Thus  transi- 
tion granite,  in  the  syenitic  formation,  presents  beds 
of  trap,  because  it  becomes  charged  with  horn-- 
blende ;  and .  in  a  similar  manner  these  same 
granites  pass  sometimes  to  euphotide  j  (Buch, 
Voyage  en  Norwege,  torn.  i.  p.  138.,  tom.  ii.  p.  83.) 
From  these  considerations  it  follows,  that  the- 
mechanical    analysis    of    amorphous    masses,    by 
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means  of  slight  triturations,  and  washing,  (a  method 
of  analysis  of  which  M.  Fleuriau  de  Belleviie 
made  the  firat  successful  essay),  throws  light,  first, 
on  the  lai^e  crystals,  which  are  insulated,  and 
which  separate  from  the  microscopic  ciystals  in  the 
mass  ;  secondly,  on  the  mutual  passages  of  certain 
rocks  superposed  on  each  other ;  thirdly,  on  the  sub- 
ordinate beds  which  are  of  the  same  nature  as  one 
of  the  elements  of  the  amorphous  mass.  All  these 
phenomena  are  produced,  we  may  say,  by  internal 
developement,  and  through  a  variation  sometimes 
slow,  sometimes  very  sudden  in  the  constituent 
parts  of  a  heterogeneous  mass.  Crystalline  mole- 
cules, invisible  to  the  eye,  are  found  increased  and 
disengaged  &om  the  close  texture  of  the  mass; 
and  by  d^rees  they  become,  by  grouping  and 
misture  with  other  substances,  interposed  beds 
of  considerable  thickness:  sometimes  they  even 
become  new  rocks. 

The  interposed  beds  merit,  above  all,  the  deepest 
attention  (Leonhard,  Kopp,  and  Gcertner,  Propced. 
der  Miner,  p.  158.)  When  two  formations  suc- 
ceed each  other  immediately,  it  happens  that  beds 
of  the  one  begin  at  first  to  alternate  with  beds  of  the 
other,  until,  (after  these  preludes  to  a  great  change,) 
a  new  formation  appears  without  any  subordinate 
beds ;  (Buch,  Geogn.  Beob.  torn.  i.  p.  104 — \5Q. ; 
Humboldt,  Relation  Historique,  torn.  ii.  p.  ]40.) 
The  progressive  developement  of  the  elements  of 
a  rock  may  consequently  have  a  marked  influence 
on  the  respective  position  of  mineral  masses.    Their 
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effects  belong  to  the  dotntun  af  geognosy ;  but 
to  discover  and  appreciate  them,  the  observer 
must  have  recourse  to  -the  profound  knowledge 
of  oryctognosy,  and  above  all,  to  that  of  modem 
crystallography. 

In  examining  the  intimate  relations  by  which 
we  often  see  the  phenomena  of  composition  con- 
nected with  those  of  position,  I  had  no  intention  of 
speaking  of  the  purely  oryctognostical  method, 
that  which  considers  rocks  solely  according  to 
the  analogy  of  their  composition ;  (Jow^ial  des 
Mines,  torn,  xxsiv.  No.  1990  This  is  a  true 
classification,  from  which  every  idea  of  superposi- 
tion is  abstracted,  but  which  may  not  the  less  give 
rise  to  interesting  considerations  on  the  constant 
grouping  of  certain  minerals.  A  method  wholly 
oryctognostical  multiplies  the  name  o£  rocks  more 
than  the  wants  of  geognosy  require,  when  posi- 
tions only  are  considered.  According  to  the 
changes  which  mixed  rocks  undergo,  the  same 
bed  of  great  extent  and  thickness  may  contain 
parts  (we  must  again  observe)  to  which  the  ovyc- 
tognost,  classing  rocks  according  to  their  com- 
position, would  give  denominations  entirely  dif- 
ferent These  remarks  have  not  escaped  the  learn- 
ed author  of  the  Class^ation  Mtn^ralogiqtie  des 
Roches;  they  could  not  hut  occur  to  an  experienc- 
ed geognost,  who  has  so  well  investigated  the 
superpositions  of  the  rocks  which  he  has  examined. 
"We  must  not  confound,"  says  M.  Brongniart,  in 
his  late  memoir  on  the  position  of  the  Ophiolites, 
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"  the  respective  situations,  the  order  of  the  super- 
position of  formations,  and  the  rocks  of  which  they 
are  composed,  with  descriptions  that  are  simply 
mineralogical  (oryctognostical)  j  their  confusion 
would  throw  disorder  into  the  science,  and  retard 
its  progress."  The  tabular  arrangement  which  we 
give  at  the  end  of  this  view,  is,  in  no  respect, 
what  may  be  called  a  classification  of  rocks ;  nor 
have  we  collected,  under  the  title  of  distinct  sec- 
tions, (as  in  the  ancient  geognostical  method  of 
Werner,  or  in  the  excellent  TraiU  de  Geognoste 
of  M.  D'Aubuisson,)  all  the  primitive  formations  of 
granite,  and  all  the  secondary  formations  o£  sand- 
tone  and  limestone.  We  have  endeavoured,  on  the 
contrary,  to  place  each  rock  as  it  is  found  in  na- 
ture, according  to  the  order  of  its  superposition,  or 
its  respective  age.  The  different  formations  of  gra- 
nite are  separated  by  gneiss,  mica-slate,  black  lime- 
stones, (of  transition),  and  grauwackes.  In  the 
rocks  of  transition,  we  have  removed  the  porphyry 
£uid  syenite  of  Mexico  and  Peru,  that  are  anterior 
to  the  grauwacke,  and  to  the  limestone  with 
orthoceratites,  from  the  much  newer  formation 
of  porphyry  and  zircon  syenite  of  Scandinavia. 
In  the  secondary  rocks,  the  sandstone  with 
oolite  of  Nebra,  which  is  posterior  to  the  al- 
pine limestone  or  zechstein,  is  removed  from  the 
red  sandstone  (coal  sandstone),  which  belongs  to 
the  same  formation  as  the  secondary  porphyry  and 
mandelstein.  According  to  the  principle  which  we 
have  adopted,  the  same  names  of  rocks  are  found 
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several  times  in  the  same  table.  The  anthracitous 
micit-slate  (in  the  transition  formation),  is  separated, 
by  a  great  number  of  older  formations,  from  the 
mica*slate  anterior  to  the  primitive  day-slate. 

Instead  of  a  classi/icaHon  of  the  g^ranitic,  schis- 
tose, calcareous,  and  arenaceous  aggregated  rocks, 
I  wished  to  present  a  sketch  of  the  geognostical 
structure  of  the  globe,  or  a  table  in  which  the 
superposed  rocks  succeed  each  other  from  below 
upwards,  as  in  the  ideal  sections  which  I  drew 
in  1804,  for  Uie  use  of  the  School  (ff  Mines  qf 
Mexico,  and  of  which  many  copies  have  been 
circulated  since  ray  return  to  Europe.  (Bosquejo 
de  una  Pasigr(0a  geognostica,  con  tahlas  que 
enserion  la  estratyicacion  y  el  paralleUsmo  de  las 
rocas  en  ambos  continentes,  para  el  uso  del  Real 
Semmario  de  Mineria  de  Mexico,')  These  pasi-- 
graphic  pictures  exhibited,  together  with  my  own 
observations,  whatever  had  been  collected  with 
most  precision  at  that  period,  on  the  position  of 
primitive,  intermediary,  and  secondary  rocks  in 
the  antient  continent  They  presented,  with  the 
^pe  which  may  be  regarded  as  the  most  general, 
the  secondary  types,  or  tlie  beds  which  I  have 
named  parallels.  This  method  has  been  followed 
in  the  present  sketch,  which  I  now  publish.  My 
paraiiel  formations  are  geognostic  eqmvalents ; 
they  are  those  rocks  that  represent  each  other, 
(TraiU  de  Giologie  by  M.  d*Aubuisson,  tom.  iL 
p.  355.)    In  England,   and  on  the  continent  of 
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Europe  opposite,  there  does  not  exist  an  identity 
in  all  the  formations ;  there  exist  only  equivalents 
or  parallel  formations.  The  situation  of  our  coal, 
situated  between  the  transition  rocks  and  the  red 
sandstone,  that  of  the  rock-salt,  which  is  found  on 
the  continent  in  the  alpine  limestone,  (zechstein), 
the  position  of  our  oolites  in  the  sandstone  of 
Nebra  and  in  the  Jura  limestone,  may  guide  the 
geogno^  in  the  comparison  of  distant  tbrmations. 
Coal  measures  ace  observed  in  England  placed  on 
transition  formations ;  as,  for  example,  on  the  moun- 
twn  limestone  of  Derbyshire  and  South  Wales,  or 
on  the  sandstone  of  transition, -the  old  red  sandstone 
oi"  Herefordshire.  I  thought  I  recognized  in  the 
magnesian  limestone,  the  red  marl,  lias,  and  white 
oolites  of  Bath,  \ht  tmitedjhrmaiions  of  alpine  lime- 
stone with  rock-salt,  of  sandstone  with  oolites, 
(buiite  saiidstein),  and  of  Jura  limestone.  In  com- 
paring the  formations  of  more  or  \em  distant  coun- 
tries, those  of  England  and  France,  of  Hungary 
and  Mexico,  of  the  secondary  basin  of  Santa  F6  de 
Bogota  and  Thuringia,  we  must  not  expect  to  find, 
for  each  rock  a  parallel  rock ;  we  mu^  recollect 
tiiat  one  single  formation,  tru^  represent  many 
others.  Thus  the  beds  of  clay  inferior  to  the  chalk 
may,  in  France,  (Cap  La  H^ve,  Vaches  Noires, 
near  Caen),  be  separated  in  the  clearest  manner 
from  the  beds  of  oolitic  limestone  \  while  in  Swit- 
zerland, Germany,  and  South  America,  they  have 
ion  equivalents  beds  of  marl  subordinate  to  the  Jura. 
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limestone.  Gypsum,  which  hi  one  district  fbrmn 
only  subordinate  beds  in  the  alpine  limestone,  or 
in  the  oolitic  sandstone,  assumes,  in  another  dis- 
trict, all  the  appearance  of  an  independent  form- 
ation, and  is  found  placed  between  the  alpine  lime- 
stone, and  the  oolitic  sandstone,  between  thi& 
sandstone  and  the  muschelkalk,  (limestone  of  G<£t- 
tingue).  The  learned  professor  of  Oxibrt^  M.  Buck- 
land»  whose  extensive  researches  have  be^i  alike 
useful  to  the  geognosts  ctf  England  and  of  the  Conti- 
nent, has  recently  published  a  table  of  parallel  form- 
ations, or,  as  he  Cidk  them  aS:ao,eqmvak7its  qfrocka, 
which  extends  but  from  the  forty-fourth  to  the  fifty- 
fourth  d^Tee  of  northern  latitude,  and  which  merits 
the  greatest  attention;  {On  the  Structure  of  the  A^s 
anidtheir  Relation  imth  the  Rocks  qf England,  1821.) 
A&  in  the  history  of  ancient  nations,  it  is  easier 
to  verify  the  series  of  events  in  each  country, 
than  to  determine  their  mutual  ooinoidehc^,  s» 
also,  we  easier  att^n  the  most  exact  knowledge 
of  the  superposition  of  fbrmations  in  insulated 
F^ons,  than  we  can  determine  the  relative  age, 
or  the  paralldism  of  formations  that  bdong  to  dif- 
ierent  systems  of  rocks.  Even  in  countries  little 
dntant  fraai  each  oUier,  as  in  France,  Switzerland, 
and  Germany,  it  snot  easy  to  fix  the  relative 
antiqtiity  of  the  lAuschelkalk,  of  the  molasse  of 
Ax^^nAt  and  of  the  quadersandstein  of  the  Hartz, 
because  the  widely  distributed  rocks  are  often 
wafting  whidi  m^t  serve,  according  to  the 
c  S 


jbyGoogIc 


happy  expression  of  M.  de  Gruner,  for  a  geognos- 
tical  horizon,  and  with  which  the  three  formations 
we  have  just  mentioned  may  be  compared.  When 
rocks  are  not  in  immediate  contact,  we  can  judge 
of  tiieai  paralleUsm  only  by  their  age,  as  relative  to 
the  other  formations  by  which  they  are  united. 

These  researches  of  comparative  geognosy  will 
long  exercise  the  sagacity  of  observers ;  and  it  is 
not  surprising  that  those  who  have  been  disi^ 
pointed  in  finding  every  formation,  with  all  the 
circumstances  of  its  position,  interior  stnicture, 
and  subordinate  beds,  should  end  by  denying  all 
analogy  of  superpcsition.  1  enjoyed  the  advantage  ' 
of  vifflting,  before  my  voyage  to  the  equator,  a  great 
part  of  Germany,  France,  Switzerland,  England, 
Italy,  Poland,  and  Spain.  My  attention  was  parti- 
cularly directed,  during  my  travels,  to  ihe  position 
and  succession  of  formations,  a  class  of  phenomena 
which  I  purposed  treating  of  in  a  separate  work. 
In  South  America,  whilst  traversing  in  va- 
rious directionB  the  vast  tract  which  stretches 
from  the  chun  on  the  coast  of  Venezuela  to 
the  basin  of  the  Amazon,  I  was  struck  by  the 
conformity  of  superposition  exhibited  in  the  two 
continents  (vide  my  first  Sketch  qf  a  Geological 
View  qf  Equinoctial  America,  in  the  Joitmal  de 
Physique,  torn.  liii.  p.  30.)  Posterior  observations, 
comprehending  those  in  the  Cordilleras  of  Mexico, 
New  Grenada,  Quito,  and  Peru,  from  the  twenty- 
first  degree  of  north  latitude  to  the  twelfth  degree- 
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of  south  latitude  coDfirmed  those  first  ideas.  The 
t^ypes  of  formations  appeared  to  me  to  be  rather 
enlarged  than  altered  essentially.  But  in  speak- 
ing of  the  anali^es  which  have  been  observed  in 
the  positions  of  rocks,  and  the  uniformity  of  those 
laws  which  exhibit  to  us  the  general  order  of 
nature,  I  can  produce  higher  testimony  than  my 
own,  that  of  the  gec^ost  whose  labours  most 
of  all  have  advanced  the  knowledge  of  ^e  struc- 
ture of  the  globe.  M.  Lipoid  de  Buch  has 
extended  his  researches  from  the  Canary  Islands  to 
beyond  the  Polar  Circle,  as  far  as  the  seventy-first 
degree  of  latitude.  He  has  discovered  new  form- 
ations placed  between  formations  formerly  known; 
and  in  the  primitive  formations  as  well  as  in  those 
of  transition,  in  the  secondary  as  well  as  in  the  vol- 
canic rocks,  he  was  struck  with  the  great  analo- 
gical features  that  characterise  the  aspect  of  form- 
ations, even  in  the  most  distant  regions. 

We  must  distinguish  from  that  scepticism  which 
denies  all  order  in  the  position  of  rocks,  an  opinion 
renewed  from  time  to  time  among  the  most  expe- 
rienced observers,  according  to  which  the  form- 
ation of  granite-gneiss,  of  grauwacke,  of  alpine  lime- 
stone, and  of  chalk,  uniformly  superposed  in  differ- 
ent countries,  seldom  correspond  among  tiiemselves 
in  the  age  of  the  homonymous  elements  of  each 
series.  It  has  been  thought  tiiat  a  secondary  rock 
may  have  been  formed  on  one  point  of  the  globe, 
at  a  period  when  the  transition  rocks  did  not  yet 
c  3 
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exist  in  another  point.  This  supposition  does  not 
include  those  granitic  rocks  that  cover  limestones 
filled  with  orthoceratites  and  consequently  po*. 
terior  to  the  primitive  rocks.  It  is  a  fact  now 
generally  recognized,  that  fonnations  of  anal(^ous 
composition  were  produced  in  succession  at  periods 
very  distant  from  each  other.  The  doubt  which  I 
mention  without  participating  in  it  bears  on  a 
point  much  less  certain;  whether  the  mica  schists, 
indubitably  placed  in  the  midst  of  primitive  rocka 
(under  those  in  which  organic  remains  begin  to 
appear),  are  newer  than  the  secondary  rocks  of 
another  country.  I  confess  that  in  the  part  of  the 
globe  which  I  have  been  able  to  examine,  I  have 
seen  nothing  that  could  wairant  this  opinion. 
Granular  syenitic  rocks,  repeated  twice,  perhaps 
even  three  times,  in  primitive,  intermediary,  (and 
secondary  ?)  formadons,  are  analogous  phenomena 
that  are  become  familiar  to  us  within  the  last 
fifteen  years ;  but  the  want  of  agreement  in  the 
age  of  the  great  homonymous  formations  appears 
to  me  &r  from  being  sufficiently  proved  by  direct 
observations  on  the  contact  of  superposed  beds. 
The  chalk  or  the  Jura  limestone  may  cover  im- 
mediately the  primitive  granite  on  one  side,  and  be 
separated  on  the  other  by  numerous  secondary  and  ~ 
transition  rocks ;  these  very  common  facts  prove 
only,  the  subtraction,  the  absence,  the  non-deve- 
It^ii^ent.of  aeveral  intermediary  members  of  the 
geognostical    series,     Grauwacke  may,    on  one 
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hand,  dip  under  a  feldspathic  rock,  for  instance, 
beneath  a  transition  granite,  or  the  zircon  ayenite ;  . 
and,  on  the  othei*  hand,  it  may  be  supeq)09ed  on 
a  black  limestone  with  madrepores.  This  situ- 
ation denotes  only  the  included  position  of  a  bed 
of  ^wiwacke  between  limestone  rocks  and  feld- 
spar tran»tion  rocks.  Since*  in  consequence  of  the 
important  researches  of  MM.  Cuvier  and  Brong- 
niart,  a  profound  eximiination  of  fossil  organic 
bodies  has  diffiised  new  spirit  into  the  Study  of 
tertiary  deposits,  the  discovery  of  the  same  fossils 
in  the  analogous  beds  of  very  distant  countries  has 
rendered  still  more  probable  the  isochromsm  of 
widely  extended  formations. 

It  is  by  this  isochronism  only,  this  admirable 
order  of  succession,  we  are  enabled  to  observe 
with  certainty.  The  attempts  which  have  been 
made  by  the  Hebraic  geologists  to  subject  the  epo- 
chas  to  absolute  measures  of  time,  and  to  connect 
the  cluvnolt^  of  antient  cosmogonic  traditions 
with  actual  observations  of  nature,  have  proved 
fruitless.  "  It  has  more  than  once  been  desired," 
says  M.  Ramond,  in  a  discourse  abounding  with 
philosophical  views,  "  that  we  could  find  a  Supple* 
ment  to  our  short  annids,  in  the  monuments  of  na< 
ture.  The  historical  ages  might,  however,  have 
sufficed  to  teach  UB,  that  the  succession  of  physical 
and  moral  events  is  not  regulated  by  the  uniform 
prepress  of  time,  and  cannot  in  consequence  ilimish 
its  measure.  We  see,  in  looking  back,  a  succession 
of  creations  and .  destructions,  by  the  various  ar- 
c  4 
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rangements  of  the  beds  that  form  the  crust  of  the 
globe.  They  give  us  the  idea  of  several  distinct 
epochas;  but  these  epochas,  so  fertile  in  events, 
niay  have  been  very  short  compared  to  the  number 
and  the  importance  of  the  results.  Between  the 
creations  and  destructions  on  the  contrary,  we 
perceive  nothing,  whatever  might  be  the  immen- 
sity of  the  intervals  J  there  every  thing  is  lost  in  the 
mist  of  an  undeterminable  antiquity,  the  degrees 
of  which  cannot  be  appreciated,  because  the  suc- 
cession of  phenomena  has  no  scale  that  can  be  re- 
ferred to  the  division  of  tame,"  (M4moires  de 
rinsiiiutt  1815,  p.  47.) 

.  In  the  geognostical  monography  of  a  district  of 
small  extent,  the  environs  of  a  town  for  instance, 
we  cannot  mark  too  minutely  the  di^rent  beds 
that  compose  the  local  formations.  Beds  of  sand 
and  clay,  the  subdivisions  of  gypsums,  strata  of 
marly  and  oolitic  limestone  known  in  England  by 
the  names  of  Purbeck-beds,  Portland-stone,  Coral- 
rag,  Kelloway-rock,  and  Combrash,  then  acquire 
great  importance-  Thin  beds  of  secondary  or  ter- 
tiaiy  formations,  containing  assemblages  of  fossil 
bodies  well  characterized,  have  served  the  purpose 
of  an  horizon  to  the  geognosL  He  has  been  en- 
abled, as  the  beds  are  prolonged,  to  connect  with 
one  of  them  what  is  placed  above  or  below  in  the 
order  of  the  whole  series.  Even  the  particular  de- 
nominations by  which  these  beds  are  distinguished 
are  of  great  advantage  in  a  geognostic  description, 
however  strange  or  improper  may  be  their  signifi- 
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cation  or  their  origin  as  drawn  from  the  language 
of  minera.  But  when  we  treat  of  the  place  of  rocks 
en  a  sur&ce  of  great  extent,  it  becomes  indispens- 
able to  consider  the  formations  or  usual  groupings 
of  certain  beds  under  a  more  general  point  of  view. 
We  must  then  be  more  prudent  and  circumspect  in 
the  distinction  and  nomenclature  of  rocks.  The 
work  of  M.  Freiesleben  on  the  plains  of  Saxony, 
which  are  more  than  seven  hundred  square  leagues 
in  extent  (Geogr.  Beschr.  desKwgferschiefergebirges, 
mi'Th.  1807 — 1815.)  exhibits  an  admirable  model 
of  the  union  of  local  observations  with  geognostical 
generalizations.  These  generalizations,  and  at- 
tempts to  simplify  the  table  of  formations,  and  to 
dwell  only  on  the  great  characteristic  features, 
should  be  made  with  more  or  less  timidity,  accord- 
ing as  the  objects  described  are  the  basin  of  a  river, 
an  insulated  province,  a  country  as  large  as  France 
or  Germany,  or  an  entire  continent 

The  more  profoundly  we  study  the  nature  of  rocks 
tiie  more  we  perceive  the  connection  between  form- 
ations which  at  first  appeared  altogether  independ- 
ent to  be  made  evident  by  the  great  phenomena  of 
aUemaiion,  that  is,  by  a  periodical  succession  of 
beds  that  have  a  certain  analogy  in  their  composi- 
tion, and  sometimes  also  in  the  contained  fossil 
bodies.  Thus  in  the  transition  mountains,  for  in- 
stance in  America,  (at  the  entrance  of  the  plains  of 
Calabozo,)  the  beds  of  greenstone  and  euphotide ; 
in  Saxony  (near  Friedrichswalde  and  Maxen),  the  , 
schists  with  ampelite,  grauwackes,  porphyries,  the 
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blftck  limestones  and  greenstones,  constitute,  after 
frequent  and  repeated  altematiom,  tlie  same  form- 
ation. It  often  happens  that  the  subordinate  beds 
appear  only  at  the  extreme  limit  of  a  foimaticni, 
and  then  assume  tiie  aspect  of  an  independent 
rock.  The  copper  and  bituminous  marlra  (Kupfer- 
schiefer)  which  are  found  in  Thuringia  between  the 
alpine  limestone  (zechstein)  and  the  red  saodstone 
(rothe  liegende),  in  which  mines  have  been  worked 
for  ages,  are  r-epreseraed  in  several  part»  of  Mesicf^ 
New  Andalusia,  and  in  the  sonth  of  Bavaria,  by 
numerous  beds  of  marly  clay,  more  or  less  carbu- 
retted  and  imbedded  in  alpine  limestone.  Similar 
circumstances  often  give  to  gypsums,  to  sandstones, 
and  to  small  beds  of  compact  limestone,  the  appear- 
ance of  particular  formations.  We  perceive  their 
dependance  or  their  subordination  by  their  fre- 
quent association  with  other  rocks,  their  want  of 
extent  and  thickness,  or  by  their  total  suppreasiiHit 
which  has  been  frequently  observed.  We  must  not 
forget  (and  I  have  been  struck  with  this  fact  in 
both  hemispheres,)  that  the  great  calcareous  form- 
ations, for  instance,  the  alpine  limestone,  have  their 
sandstones,  as  the  sandstones  very  extensively  dis- 
txibiited  have  their  limestone  beds.  Thin  layers 
of  sandstone,  of  limestone,  and  of  gypsum,  charac- 
terize, in  every  zone,  the  deposits  of  coal  and  of 
rock-salt  or  muriatiferous  clay  (salzthon):  thene 
insulated  deposits  are  most  frequently  covered  Only 
by  small  local  formations.  By  neglecting  these  con- 
siderations, which  must  be  faniilia^  to  every  expe- 
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rienced  geognost,  the  type  of  the  great  independent 
formatioiis  has  been  rendered  too  complicated. 

The  phenomenon  of  aUemaiion  is  manifested, 
either  locally  in  rocks  superposed  several  times 
on  one  another  and  constituting  one  complex 
formation,  or  in  tJie  series  of  fonnations  con- 
sidered in  a  general  view.  Either  greenstones, 
or  syenites,  schists  and  transition  limestones,  beds 
of  limestone  and  marl,  alternate  immediately ; 
or  a  whole  system  of  mica-slates  and  feldspar 
granular  rocks  (granites,  gneiss,  and  syenites), 
appears  again  amidst  the  transition  formaticHis, 
and  separates  the  grauwackes  and  the  lime- 
stones with  orthoceratites,  from  the  primitive 
homonjonous  system.  The  first  knowledge  <^ 
this  fact,  one  of  the  most  important  and  most 
unexpected  in  modem  geognosy,  we  owe  to  the 
excellent  observations  of  MM.  Lipoid  de  Bucb, 
Brochant,  and  Haussmann.  This  phenomenon 
connects  in  some  degree  the  transition  with  the 
primitive  formations,  not  with  respect  to  time  or 
■  relative  antiquity,  but  with  regard  to  saialogy  of 
composition  and  aspect  The  fact,  that  very  ancient 
granular  rocks,  entirely  destitute  of  organic  remans, 
succeed  to  compact  rocks  containing  organic  re- 
mains, has  led  some  distinguished  gec^osts  to 
conclude,  tiiat  this  altemation  of  rocks  containing 
shells  with  others  free  frmn  shells  might  perhaps 
extend  beyond  what  we  call  primitive  formations. 
They  have  not  merely  enquired  if  clay-^teite,  mica- 
slate,  and  gneiss,  did  not  support  granites  which 
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have  been  considered  as  tibe  niost  ancient  rocks: 
but  the  question  has  also  been  agitated,  whether 
grauwacke,  and  black  limestones  with  madrepores, 
might  not  be  found  beneath  granites?  According 
to  this  view,  the  primitive  and  transition-series 
would  form  but  one  class  of  rocks ;  and  the  former 
might  be  regarded  as  being  interposed  in  a  form- 
ation that  was  posterior  to  the  developement  of  or- 
ganized bmigs,  and  which  penetrates  to  an  unknown 
depth  in  the  interior  of  the  globe.  I  believe  that 
no  direct  observation  can  as  yet  be  adduced  in 
favour  of  these  suppositions.  The  fragments  of 
rocks  which  I  saw  imbedded  in  the  lithoid  lavas  of 
the  volcanoes  of  Mexico,  Quito,  and  Vesuvius,  and 
that  are  thought  to  have  been  torn  from  the  bowels  of 
the  earth,  seem  to  belong  to  altered  rocks  of  granite, 
mica-slate,  syenite,  and  granular  Umestone,  and  not 
to  grauwacke  and  limestones  with  madrepores. 

In  the  tabular  arrangement  of  rocks,  the  great 
divisions,  known  by  the  name  of  primitive,  inter- 
mediary,  secondary,  and  tertiary  formations,  are 
preserved.  The  natural  limits  of  these  four  os- 
teins qf  rocks  are,  the  clay-slate  with  ampelite 
and  lydian-stone,  alternating  with  compact  lime- 
stones and  grauwacke,  the  coal  formation,  and 
those  that  succeed  immediately  to  chalk.  In 
geognosy,  as  in  descriptive  botany  (phytography), 
the  subdivisions  or  small  groups  of  families  have 
more  distinct  characters  than  the  great  divisions 
or  classes.  This  hi4)pens  in  every  science  in 
which  we  ascend  firom  the  individual  to  the  species 
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from  the  species  to  the  genera,  and  thence  to  still 
higher  d^rees  of  abstraction.  A  method  Is  neces- 
sarily founded  on  abstractions  variously  graduated, 
and  the  passages  become  more  frequent  in  pro^ 
portion  as  the  characters  are  more  complex.  The 
transition-rocks  of  Werner,  which  M.  de  Buch  first 
limited  with  that  sagacity  by  which  he  is  charac- 
terised, are  connected  to  the  primitive  formations 
by  the  clay-slate  with  ampelite,  the  zircon  syenites, 
the  granites  sometimes  destitute  of  hornblende,  and 
tiie  mica-slates  with  glance  coal ;  while  they  are 
ialUed  to  the  coal  sandstones,  and  the  secondary 
limestones,  by  the  fine-grained  grauwackes  and  ihe 
coralline  and  compact  limestones. 

Porphyries  of  very  diflferent  formations  have  their 
principal  position  among  transition-rocks;  but  they 
increase  considerably  in  quantity  in  the  secondary 
formations,  where  they  are  closely  connected  with 
the  coal  sandstone ;  while  they  penetrate  into  the 
primitive  formation  only  as  subordinate  beds  of  in- 
considerable thickness.  The  progressive  movement^ 
or,  if  I  may  venture  to  use  the  expression,  the  «c- 
tent  of  the  oscillation  of  serpentine  and  of  eti- 
photide,  is  very  difierent  These  rocks  of  diallage, 
constituting  several  distinct  formations  seldom  co- 
vered by  any  other,  and  of  which  tiie  geognostical 
position  is  difficult  to  verify,  finish  almost  at  the 
lower  limit  of  the  secondary  formations ;  and  to- 
wards the  bottom  they  pierce  into  the  primitive 
rocks,  far  beyond  the  mica-slate.  The  chaUc  seems 
to  offer  a   natural  limit   to  the  tertiary   forma* 
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tioa,  which  MM.  Cuvier  and  Brongniart  first  cor- 
rectly characterised  as  being  entirely  different  from 
the  latest  secondaiy  formations  described  by  the 
school  of  Freyberg,  (Giographie  Mineralogiqve 
des  Environs  de  Paris,  p.  8,  9.)  M.  Brongniart, 
stracfc  by  the  connection  that  exists  between 
the  tdrtiiury  formations  and  those  situated  undei 
ehalki  has  even  recently  proposed  to  designate 
the  t^'tiary  formations  by  the  name  of  superior 
itcondary  formations.  (Sitr  le  Gisement  des~ 
OphioUtheSy  p.  37. :  compare  also  the  very  inter- 
o^i^g  gee^iistica]  observations  contained  in  the 
Ttaiti  des  Roches  deM.de  Barnard,  p.  ISS.  310. 

Th$  dlMJiictkm  between  the  four  formations 
wl^eh  we  have  natiaed  in  succession,  three  of 
vhich  ai%  posterior  to  the  developement- of  or- 
ganic life  o»  the  globe,  appears  to  me  worthy 
of  being  preserved,  ttotlrithstanding  the  passage 
of  %>Bie  formations  into  difierent  ones,  and 
Uie  doubts  which  several  distinguished  geognosts 
have  entertained  respecting  those  passages.  The 
d^sification  of  formations  mai-ks  the  great  epoehas 
«f  nature ;  foe  instance,  tbe  first  appearance  of 
somepelagic  animals  (zoophytes^  cephalopode  mol- 
lascBB),  and  the  ^multaneous  destruction  0^  an 
enormoiis  mass-  of  monocotyiedon  plants  \  it  foivaa 
peants  of  r^>09e  for  the  mind,  and  in  considering 
that'  the  foroiationa  tiiemselves  are  much  iaore 
BitportaMt  than  the  great  divisions,,  we  have  eA^ 
oe«ai8ion  ta  jtecognisei.  as  we  proceed  from  hi^ 
10 
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mountains  towards  the  sea,  the  varying  influence 
which  the  grouping  of  secondary  and  tertiaiy,  as 
-well  as  that  of  piimitive  and  intermediary  form- 
ations, have  had  on  the  inequalities  and  the  col- 
ouration of  the  surface.  On  account  of  diis  in* 
fiuence,  the  aspect  of  the  landscape,  the  forms  of 
mountains  and  table  lands,  and  the  character  of  the 
ve^tation,  vary  less  in  travelling  paraUel  to  the 
direction  of  the  beds,  than  in  cros&ing  them  at 
right  anglffl.  {Greenoughy  Crit.  Exfomnat.  qf  Geo- 
fc^,  p.S8.) 

I  sh^l  continue,  fc^lowing  MM.  de  Buch,  Freiea- 
leben,  K'ochant,  Beudant,  Buckland,  Raumer,  {Geh. 
wm  Niedar-SchUs.,  1819.)  and  other  celebrated 
geognosts.  to  ^oup  the  independent  formations 
Bccor^g  tq  the  divisions  in  primitive,  transition, 
and  secondfuy  classes,  without  dwelling  on  the  im- 
propriety of  the  greater  part  of  those  denominations. 
I  shall  continue  to  separate  the  clay  with  lignite. 
utoated  above  the  chalk  from  that  which  is  below 
it,  and  the  chalk  itself  from  the  more  antient  se- 
CMidary  formations.  But  those  distinctions  of  beds,, 
and  of  groups  of  beds,  which  are  so  useful  in  the 
deseiiption  of  a  formation  of  small  extent,  ought 
not  to  prevent  th&geognost,  when  he  endeavours  to 
ascend  to  a  more  general  point  of  view,  from  con- 
Qeating  those  clays  and  chalks  with  the  limestone 
of  Jura,  and  considering  them  as  the  last  strata  of 
that  great  forpiation  composed  of  limestone  and 
tiiarly  beds.  The  inferior  beds  of  the  chalk 
(crate  ftfl^aa  of  Brongniart,)  contain  aouaonites. 
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The  limestone  of  the  moantain  of  St  Peter,  at 
Maestricht,  indicates,  as  MM.  Omalius  and  Brong- 
niart  have  already  observed,  the  passage  of  chalk 
to  the  older  secondary  limestones.  Near  Caen, 
according  to  the  accurate  observations  of  M. 
Prevost,  the  clays  under  the  chalk  contfun  the 
Same  lignites  that  are  found  in  greater  quantity 
in  the  clay  above  the  chalk ;  cerithia,  which  call 
to  mind  the  calciure  gtossier  of  Paris,  are  found 
in  a  limestone  with  trigonise,  placed  between 
the  clays,  inferior  to  the  chalk  and  oolite.  I  do 
not  insist  on  these  particular  facts ;  I  men- 
tion them  only  to  prove,  by  a  striking  example, 
that  in  bringing  together  fiicts  which  have  been 
observed  in  different  points  of  the  same  coun- 
try, the  great  phenomenon  of  aUemation  discloses 
to  us  connections  between  formations,  that  ap- 
peared at  first  to  have  nothing  in  common.  It  is 
peculiar  to  the  beds  that  alternate  with  one  another, 
and  to  the  rocks  which  succeed  each  other  in  a 
periodical  series,  that  the  most  striking  contrast  is 
exhibited  in  the  two  nearest -beds.  We  must 
recollect  in  geognosy,  as  in  the  different  parts 
of  descriptive  natural  history,  the  advantages  of 
classification,  of  divisions  variously  graduated, 
without  ever  losing  sight  of  the  unity  of  nature. 
Those,  indeed,  who  have  contributed  most  to  the 
advancement  of  natural  philosophy,  have  had,  at 
the  same  time,  a  tendency  to  generalize,  and  iui 
accurate  knowledge  of  a  great  number  of  parti- 
cular facts. 


jbyGoogIc 


33 

It  is  usual  to  terminate  tlie  series  of  formations 
by  the  volcanic  rocks,  and  to  make  them  succeed  to 
the  secondary  and  tertiary  formations,  and  even  to 
the  alluvial  deposits  ;  but  in  a  tabular  arrangement, 
formed  accordingly  to  fiie  principle  of  relative  age, 
this  mode  has  not  appeared  to  me  the  most  proper.- 
It  is  certain  that  Jithoid  lavas  often  cover  the 
most  recent  formations,  and  even  beds  of  gravel. 
It  cannot  be  denied  that  there  exist  volcanic 
productions  of  different  epochas  j  but,  from  what 
I  could  observe  in  the  Cordilleras  of  Peru,  of 
Quito,  and  of  Mexico,  a  part  of  the  world  so  cele- 
brated for  the  number  of  its  volcanoes,  it  ap- 
peared to  me  that  the  principal  seat  of  the  sub- 
twranean  fires  is  in  the  transition  rocks,  and  be- 
neath them.  I  have  observed,  that  all  the  burning 
or  extinguished  craters  of  the  Andes  have  opened 
amidst  trap,  porphyries,  or  trachytes  (^Berl. 
Abhandl.  der  K'on.  Acad.,  1813,  p.  131.)  ;  and  that 
these  trachytes  are  connected  with  the  great  form- 
ation of  transition  porphyry  and  syenite.  From  this 
observation,  it  appeared  to  me  more  natural  to 
make  the  secondary  and  volcanic  formations  follow 
in  a  parallel  succession,  and,  as  it  were,  by  bisection, 
to  the  transition  formations.  By  this  new  dispo- 
sition, the  porphyry  and  grauwacke  formation,  or 
that  of  the  porphyries,  syenites,  and  granites  of 
transition,  is  connected  at  the  same  time,  1°,  to 
the  porphyries  of  the  red  sandstone,  in  the  secondary 
coal  formation ;  2",  to  the  trachytes  or  trap-por- 
phyries, destitute  of  quartz  find  containing  augites.. 
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I  use  with  regret  the  term,  "  volcanic  JbrTnation," 
not  that  I  have  any  doubts,  like  those  who  desig- 
nate the  trachytes,  basalts,  and  porphyiy-slates 
(porphyr-schiefer),  under  the  name  of  trwp-jbrm- 
ation,  that  all  which  I  have  included  in  volcanic 
formations  has  been  produced  or  altered  by  fire  j 
Uit  because  several  rocks  interposed  between 
(primitive  ?)  transition  and  secondary  rocks,  may 
also  be  volcanic.  I  wished  at  the  same  time  to 
avoid  any  historical  idea  of  the  origin  of  things,  in 
a  statistical  view  of  superposition.  At  Skeen,  in 
Norway,  a  basaltic  and  porous  syenite,  containing 
pyroxenes,  is  found,  according  to  the  observations 
of  M.  de  Buch,  between  transition  limestone 
and  zircon  syenite.  This  is  a  bed  and  not  a  vein 
(dyke) ;  and  is  a  phenomenon  much  less  pro- 
blematical than  the  basalts  (urgmnstein  ?  Buch, 
Qeogn.  Beob.,  vol.  i.  p.  124.,  and  Raumer,  Gramt 
des  Riesejigebirges,  p.  70.)  contained  in  the  mica- 
slate  of  Kfobsdorf  in  Silesia.  The  trachytes  of 
Mexico,  containing  obsidian,  are  intimately  con- 
nected with  the  transition  porphyries  that  alter- 
nate with  syenites.  The  mandelsteins  belonging  to 
the  red  sandstone  have,  on  the  continent  of 
Europe,  and  in  equinoxial  America,  aU  the  appear- 
ance of  a  mandelstein  of  basaltic  formation. 
M.  Bou^,  in  his  interesting  Essm  G^ologiqite  sur 
rEcosse,  p.  12&— 162.,  describes  pyroxenic  rocks 
(dolerites),  imbedded  in  the  old  red  sandstone. 
Without  in  any  way  deciding  on  the  question  of 
the  origin  of  those  masses  or  in  general  on  that  o£ 
10 
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the  primitive  and  transition  rocks,  we  shall  denofd 
by  the  name  oi'vtrfcaotc  formations,  the  least  itUa^' 
rupted  series  of  rocks  altered  by  fire. 

In  making  the  enumeration  of  rocks,  I  have  used 
the  names  most  generally  employed  by  the  geo^ 
gnosts  of  France,  Germany,  England,  and  Italy. 
I  apprehended,  that  in  endeavouring  to  perfect  the 
nomenclature  of  formations,  I  might  add  new 
difficulties  to  those  which  already  exist  in  discussing 
the  subject  of  superpositiona.  I  have,  however,  care- 
fully avoided  the  denominations  which  have  been 
too  long  preserved,  of  fowtfr  and  upper  Umestone  ; 
gypsum  of  the  first,  second,  or  third  fonhatUm  ;  old 
or  new  red  sandstone.  These  denominationsnodoubt 
present  a  true  geognostic  character ;  they  relate, 
not  to  the  composition  of  rocks,  but  to  their  relative 
age.  As  the  general  type,  however,  of  formations 
in  Europe,  cannot  be  modelled  on  that  of  a  single 
canton,  the  necessity  of  admitting  parallel  form- 
ations (mVA  vertretende  GeUrgsarien)  renders  the 
names  of  first  or  second  gypsum,  of  old  or 
middle  sandstone,  extremely  vague  and  obscure. 
In  one  country  we  are  justified  in  considering  a  bed 
of  gypsum  of  sandstone  as  a  particular  framation, 
whfle  in  another  it  must  be  regu-ded  as  subordinate 
to  neighbouring  formations.  Geographical  deno- 
minaiions  are  certainly  the  best,  and  they  give  very 
precise  ideas  (^  superposition.  When  we  say  that 
a  formation  is  identical  with  the  porphyry  of  Chris- 
tiania,  the  has  of  Dorset^ire,  the  sandstone  of 
Nebra  (6»ftfe  sandstein),  the  coarse  marine  Ume- 
D  3 
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stone  (calcaire  grossier)  of  Parian  those  assertions 
leave  no  doubt  in  the  mind  of  a  well-informed 
geognost  of  the  position  we  mean  to  assign  to 
the  formation  described.  By  a  tacit  convention, 
therefore,  the  words,  zechstein  of  Thuringia, 
limestone  of  Derbyshire,  calcaire  grossier  of 
Paris,  have  been  introduced  into  mineralogical 
language ;  they  call  to  mind  a  limestone  which 
immediately  succeeds  to  the  old  red  and  coal  sand- 
stone, a  transition  limestone  placed  beneath  the 
coal  sandstone,  or,  formations  more  recent  than 
chalk.  The  only  difficulty  in  this  multiplicity 
of  geographical  denominations  consists  in  the  choice 
of  names,  and  in  the  degree  of  certainty  which  we 
have  acquired  respecting  the  place,  or  relative  age 
of  the  rock,  to  which  we  refer  the  others.  The 
English  geognosts  seek  their  red  marl  and  their  lias 
on  the  Continent;  the  German  geognosts  their 
variegated  sandstone  and  their  muschelkalk.  These 
terras  are  associated  in  the  minds  of  travellers  with 
local  recollections ;  consequently,  in  order  to  create  - 
precise  ideas,  we  have  only  to  chuse  localities  that 
are  generally  known  and  celebrated  either  by  the 
working  of  mines,  or  by  scientific  descriptions. 

In  order  to  diminish  the  effect  of  national  vanity, 
and  annex  the  newnames  to  more  important  objects, 
I  long  since  proposed  (1795)  the  denomination  of 
Alpine  and  Jura  limestone.  A  part  of  the  High- 
Alps  of  Switzerland  and  the  greater  part  of  the  Jura 
are  no  doubt  formed  of  those  two  rocks ;  the  names, 
however,  now  gener^ly  received,  of  Alpine  lirae- 
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stone  (zectistein)  and  Jura  limestone,  ought  in  my 
opinion  to  be  modified  or  altogether  abandoned.  The 
lower  beds  of  the  Jura  mountains,  cont^ning  gry- 
phites,  belong  to  a  more  ancient  formation  ;  and  a 
great  part  of  the  Alps  of  Switzerland  is  certainly  not 
zecbstein,  but  transition  limestone,  according  to 
MM.de  Buch  and  Escher.  It  would  be,  therefore, 
better  to  choose  the  geographical  names  of  rocks, 
from  those  of  insulated  mountains,  the  whole  vi- 
sible mass  of  which  belong  to  one  general  formation, 
than  to  borrow  them,  as  I  have  done,  improperly  from 
the  whole  chun.  I  believed,  and  many  geognosts 
were  of  this  opinion,  that  the  Jura  limestone  (lime- 
stone of  the  caverns  of  Franconia)  was  generally, 
on  the  Continent,  placed  below  the  sandstone  of 
Nebra  {hmte  sandsiein),  and  between  this  sandstone 
and  the  zechstein.  Subsequent  observations  have 
proved,  that  tlie  name  of  Jtcra  ImestoTie  had  been 
properly  applied  to  rocks  which  are  distinctly  sepa- 
rated from  the  mountfuns  of  Western  Switzerland } 
but  the  principal  geognostical  place  of  this  form- 
ation (when  the  lower  formations  are  not  wanting) 
ia  far  above  the  sandstone  of  Nebra,  betwieen  mus- 
chelkalk  (or  quadersandstein)  and  the  chalk.  A 
geographical  name,  when  applied  with  propriety  to 
several  anfUogous  rocks,  calls  our  attention  to  the 
identity  of  their  geognostic  positions ;  but  the  place 
which  those  homonymous  rocks  should  occupy  in 
the  whole  series  is  never  well  determined,  but  when 
the  geographical  name  has  been  fixed  upon  after  a 
complete  certainty  with  respect  to  their  geognostic 
P  a 
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position,  Geognosts  find  themselves  in  similar 
circumstances,  Vheo  endeavouring  to  determine  the 
relative  age  o£  the  molasse  of  Argovia  (nagel- 
fluhe),  and  the  quaderaandstein  of  Pima  (white 
sandstone  of  M.  Bonnard) ;  two  very  recent  rocks, 
which  have  been  shidied  well  separately,  but 
the  connection  of  which  with  each  other,  with  the 
chalk,  and  witii  the  Jura  limestone  have  but  lately 
been  made  out  We  may  feel  sufficiently  confi- 
dent in  having  ascertained  that  rocks  in  the  New 
Continent  are  identical  with  the  molasse  or  tha 
quadeisanckteu},  although  we  cannot  determme 
their  relations  with  ^e  rest  of  the  secondary,  or 
tertiary  beds.  When  formations  are  not  in  im- 
mediate  contact,  and  are  not  covered  by  beds  of 
which  tiie  position  is  known,  we  can  only  judge 
of  their  relative  age  from  simple  analogies. 

The  terms  of  the  geognostic  series  are  simple  or 
complex.  The  greatest  part  of  the  primitive  form- 
ations, as  granite,  gneiss,  mica^slate,  clay-idate,  &c. 
belong  to  the  simple  terms.  The  complex  terms 
are  found  chiefly  among  transition  rocks,  in  which 
each  formation  compreh^ids  a  complete  group  of 
rocks  that  alternate  periodically.  The  terms  of 
the  series  are  not  transition  limestone,  nor  grau- 
wacke,  constituting  independent  formations ;  but 
associations  of  clay-slate,  greenstone,  and  grau- 
wacke ;  of  porphyry  and  grauwacke ;  of  steatitic 
granular  limestone,  and  pudding-stones  formed  from 
primitive  rocks ;  and  of  clay-slate  and  black  lime- 
stone.   WUen  those  associations  are  composed  of 
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three  or  four  alternating  rocks,  it  is  difficult  to 
give  them  names  sufficiently  expressive  to  indicate 
the  whole  composition  of  the  group,  and  aU  tlie 
particular  members  of  the  complex  term  of  the 
series.  But  it  may  help  to  fix  the  groupe  in  the  me- 
mory, or  to  call  to  mind  the  rocks  that  predominate^ 
and  whieh  are  never  quite  wanting  in  the  neighbour- 
ing groups.  Thus,  steatitic  granular  limestone  cha- 
racterises  the  formation  of  the  Tarentaise ;  grau- 
wacke,  the  great  transition  formation  of  the  Hartz 
and  the  banks  of  the  Rhine  [  metalliferous  porphy- 
ria containing  much  hornblende,  and  almost  des- 
titute of  quartz,  the  formation  of  Mexico  and 
Hungary.  Though  the  phenomena  of  alternation 
and  of  grouping  attain  their  maximum  in  the 
transition  formations,  yet  they  are  not  entirely  ex- 
cluded from  primitive  and  secondary  ibrmations ; 
in  both,  the  complex  terms  are  blended  with  the 
simple  terms  of  the  geognostic  series.  I  shall 
mention  among  the  secondary  formations,  the 
sandstone  placed  above  the  idpine  limestone 
(sandstone  of  Nebra,  bunie  eandstein),  which  is 
an  association  of  marly  clay,  sandsbuie,  and 
oolites  i  the  limestone  that  covers  red  sandstone 
with  coal  (the  zechstein,  or  alpenkalkstein),  which 
is  an  association  less  constant  of  limestone,  of 
muriatiferous  gj^sum,  atinkstein,  and  friable  bitu- 
minous marl  (asche  of  the  Mansfeld  miners).  In 
primitive  formations  we  find  the  first  three  terms  of 
the  series,  the  most  ancient  rocks,  either  insulated, 
or  ^temating  two  and  two,  according  as  they  are 
u  4 
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geognostically  nearer  each  other  by  their  relative 
age  or  all  three  alternating  together.  Granite  some- 
times forms  constant  associationa  with  gneiss,  and 
gneiss  with  micO'Slate.  These  alternations  follow 
particular  laws  ;  we  see,  for  instance,  in  Brazil,  and 
(although  less  distinctly)  in  the  chain  on  the  coast 
of  Venezuela,  granite,  gneiss,  and  mica^slate  in 
triple  association.  But  I  have  no  knowledge  of 
granite  alternating  only  with  mica-slate,  or  of  gneiss 
and  mica-alate  alternating  only  with  clay-slate. 

We  must  not  confound  (a  point  on  which  I 
have  often  insisted  in  this  essay)  rocks  passing  in- 
sensibly to  those  with  which  they  are  in  immediate 
contact  -y  for  instance,  mica-slates  that  osciUeUe 
between  gneiss  and  clay-slate,  with  rocks  that 
alternate  together,  and  preserve  aU  their  distinct 
characters  of  composition  and  structure.  M. 
d'Aubuisson  has  long  since  shown,  that  chemical 
analysis  connects  clay-slate  with  mica.  (Journal 
de  Physique,  torn.  Ixviii.  page  1S8.  Traiti  de 
Giognosie,  torn.  iL  page  97-)  The  former  has 
not,  indeed,  the  metallic  lustre  of  mica-slate : 
it  contains  a  little  less  potash  and  more  carbon ; 
the  sihca  does  not  unite  in  knots  or  thin  plates 
of  quartz,  as  in  mica-slate  \  but  there  can  be 
no  doubt  that  the  scales  of  mica  constitute  the 
principal  basis  of  clay-slate.  These  scales  are  so 
united  together,  that  the  eye  cannot  distinguish 
them  in  the  mass.  Perhaps  this  very  affinity  pre- 
vents the  alternation  of  clay-slate  and  mica-slate  j 
for  in  these  alternations  nature  seems  to  favour  the 
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association  of  heterogeneous  rocks,  or,  to  use  a 
figurative  expression,  she  delights  in  those  associa- 
tions in  which  alternating  rocks  exhibit  a  great  con- 
trast of  crystallization,  mixture,  and  colour.  I  saw  in 
New  Spain  dark-coloured  greenstone  alternating 
thousands  of  times  with  reddish-white  syenites, 
that  abound  more  in  quartz  than  in  feldspar  ;  veins 
of  syenite  occur  in  this  greenstone,  and  veins  of 
greenstone  in  the  syenite ;  but  neither  of  those 
-  rocks  passes  into  the  other.  (Essai  Politique  sur  la 
Noievelle  Espagne,  torn.  ii.  p.  523.)  At  their 
actual  contact,  they  exhibit  differences  as  strongly 
marked  as  the  porphyries  that  alternate  with  grau- 
wackes  and  syenites,  the  black  limestone  that  alter, 
nates  with  transition  clay-slate,  and  many  other 
rocks  altogether  heterogeneous  in  their  composition 
and  general  aspect.  It  may  be  observed  fiirther, 
that  when  in  primitive  formation,  rocks  more  nearly 
allied  to  each  other  from  their  composition  than  by 
their  structure,  or  their  mode  of  aggregation,  for 
instance,  granite  and  gneiss,  or  gneiss  and  mica- 
slate,  alternate,  those  rocks  do  not  show  the  same 
tendency  to  pass  into  each  other,  which  they 
display  in  non-complex  formations.  We  have  al- 
ready observed  above,  that  a  bed  ^,  when  it  occurs 
more  frequently  in  the  rock  a,  points  out  to  the  geo- 
gnostic  traveller,  that  the  simple  formation  a  is  about 
to  be  succeeded  by  a  complex  formation,  in  which 
a  and  3  alternate.  Afterwards  it  may  happen  that  ^ 
assumes  a  greater  developments  that  a  is  no  longer 
an  alternating  rock,  but  merely  a  subordinate  bed 
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to  0,  and  that  this  rock  ^  ^pears  by  itself,  til], 
by  the  frequent  ^pearance  of  beds  y,  it  forms  the 
prelude  to  a  complex  formation  of  3  alternating 
with  y.  "We  may  substitute  to  these  signs  the  words 
granite,  gneiss,  and  mica-slate ;  those  of  porphyry, 
grauwacke,  and  syenite;  of  gypsum,  marl;  and  fetid 
limestone  (stmkstein);  but  the  pasigraphk  lan- 
guage has  the  advantage  of  generalising  problems, 
and  conforms  more  to  the  requisites  of  geognostic 
philosophy,  of  which  I  here  attempt  to  trace  the  first 
elements,  as  ^  as  regards  the  study  of  the  super- 
position of  rocks.  But,  between  formations,  sim- 
ple and  nearly  connected  in  the  order  of  tiwir  rela- 
tive antiquity,  between  the  formations  a  0  7,  com- 
plex formations,  a  3  and  0  y,  are  often  found  placed, 
(that  is,  a  alternating  with  ^,  aud^  alternating  with 
7)}  it  is  also  observed,  though  less  frequentiy, 
liiat  one  of  those  formations  (for  instance,  a) 
takes  an  increase  so  extraordinary,  that  it  enve- 
lopes the  formation  |3,  and  that  ^,  instead  of  ap- 
pearing as  an  independent  rock,  placed  between 
a.  and  7,  is  only  a  bed  in  bu  Thus,  in  Lower 
Silesia,  the  red  sandstone  contains  the  formation 
of  zechstan ;  the  limestone  of  Kunzendorf  with 
impressions  of  fish,  and  anidogous  to  the  bitumi- 
nous marl  of  Thuringia  abounding  also  in  fish  is 
entirely  enveloped  in  the  coal  sandstone.  (Buch, 
Beob.  t.  i.  p.  104.  157. ;  Id.  Jteisenach  Norwegen, 
t  i.  p.  158.  i  Raumer,  Gebtrge  von  Nteder-SdUesien, 
p.  79.)  M.  Beudant  (See  Min.  t.  iii.  p.  183.)  has 
observed  a  similar  phenomenon  in  Hungary.  In 
other  regions,  for  instance,  in  Switzerland,  and  at 
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the  souActh  eKtrenjity  of  Saxmiy,  the  redsandstpiw 
disappears  altogether ;  being  replaced,  or  in  some 
sort  suppressed,  by  an  immense  development  of 
grauwacke,  or  of  alpine  limestone.  (Freiealeben, 
Kupjersch,  b.  iv.  109.)  These  eflects  (rf"  the  altero*- 
tion  and  unequal  development  of  rocJcB  ar«  so  much 
the  more  wortiiy  of  attention,  as  the  study  of  th^D 
may  throw  light  on  some  ^parent  deviations  from  4 
type  of  supetposition  generally  received,  and  may 
serve  to  refer  to  a  common  type  ttie  series  of  posi- 
tions ob9«*ved  in  countries  very  distant  from  each 
othw. 

To  designate  the  formations  composed  of  two 
rocks  that  alternate  with  one  another,  I  have  gene- 
rally preferred  the  "words  granite  and  gneiss,  syemte 
and  greenstorte,  to  the  more  usual  expressions  of 
granite-gneiss,  ^emte-greenstom ;  I  apprehended 
diat  the  latter  method  of  designating  the  formadons 
composed  of  alternating  rocks,  might  rather  suggest 
the  idea  of  a  passage  of  granite  to  ^eiss,  or  <^ 
syenite  to  greenstone.  In  fat^  a  geognost  whose  re- 
searches on  tiie  trachytes  oS  Germany  have  not  faeoi 
sufficiently  ^predated,  Mr.  Nose,  has  already  em- 
ployed the  words  gramte-porphyr^s,  tend porp/a/rif' 
granites,  to  indicate  the  varieties  of  structure  and 
aspect,  and  to  separate  the  porpbyroid  gramtes 
from  porphyries,  which,  by  the  frequency  of  crys- 
tals imbedded  in  the  mass,  exhibit  a  structure  oi 
aggrt^tion,  a  real  granitic  structure.  In  adopt- 
ing the  dencHninations  of  granite  and  gn«iss,  of 
syenite  and  porphyry,  of  grauwacke  and  poiphjiy. 
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of  limestone  and  clay-slate,  no  doubt  is  left  on  the 
nature  of  the  complex  terms  of  the  geognostic 
series. 

.  Among  the  different  proofs  of  the  identity  of 
formations  in  the  most  distant  regions  of  the  globe, 
one  of  the  most  striking,  and  which  we  owe  to 
zoology,  is  the  identity  of  the  organic  bodies  buried 
in  beds  of  similar  position.  The  researches  that 
lead  to  this  species  of  proof  have  greatly  exercised 
the  sagacity  of  the  learned,  since  MM.  de  Lamarck 
and  Defrance  began  to  determine  the  fossil  shells 
in  the  vicinity  of  Paris,  and  since  MM.  Cuvier 
and  Brongniart  have  published  their  well  known 
work  on  fossil  bones  and  tertiary  beds.  As  the 
most  considerable  mass  of  the  formations  that  com- 
pose the  crust  of  our  planet  contains  no  vestiges  of 
organised  bodies,  and  as  those  vestiges  are  very  rare 
in  transition  rocks,  are  often  broken,  and  difficult 
to  separate  from  the  rock,  in  the  oldest  secondary 
beds,  the  profound  study  of  fossil  bodies  compre- 
hends but  a  small  part  of  geognosy,  but  a  part 
which  is  highly  deserving  of  the  attention  of  the 
philosopher.  The  problems  to  be  solved  are  nume- 
rous ;  they  relate  to  the  geography  of  animals,  the 
races  of  which  are  extinct,  but  which  still  belong 
to  the  history  of  our  planet ;  and  they  involve  the 
description  of  the  zoological  chai^cters,  bymeans  of 
which  we  wish  to  distinguish  the  different  form- 
ations. In  order  to  adhere  to  my  plan  of  consider- 
ing, in  this  /n/rorfwc/ion  to  the  tabular  Arrange- 
ment  of  Rocks,  the  different  objects  in  the  most 
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general  point  of  view,  I  shall  mention  the  queries 
in  geognostic  zoology,  that  appear  the  most  ■  im- 
portant in  the  present  state  of  the  science,  and 
of  which  the  solution  has  been  attempted  with' 
more  or  less  success.  What  are  the  genera,  and  (if 
the  state  of  preservation  and  the  slight  adherence 
to  the  rocky  mass  permit  a  more  complete  de- 
termination,) what  are  the  species  towhich  fossil 
remtuns  belong  ?  Will  not  an  exact  determination 
of  the  species  lead  us  to  recognise  with  cert^ty 
those  which  are  identical  with  the  plants  and 
'  animals  of  the  present  world  ?  What  are  the 
classes,  the  orders,  and  the  families  of  organised 
beings,  whicli  exhibit  the  greatest  number  of  those 
analogies  ?  In  what  proportion  does  the  number  of 
identical  genera  and  species  augment,  as  the  rocks 
or  earthy  deposits  are  newer  ?  Is  the  order  ob- 
served in  the  superposition  of  intermediary,  se- 
condary, tertiary,  and  alluvial  formations,  every 
where  in  harmony  with  the,  increasing  analogy 
which  the  types  of  organisation  exhibit  ?  Do 
these  types  succeed  each  other  from  below  up- 
wards, (passing  from  grauwacke  and  black  trans- 
ition limestone,  by  coal  sandstone,  alpine  and  Jura 
limestone,  and  chalk,  to  tertiary  gypsum,  fresh- 
water formations,  and  modem  alluvia,)  in  the 
same  order  which  we  adopt  in  our  systems  of 
natural  history,  arranging  tiie  several  beings  as  their 
structure  beccnnes  more  compUcated,  and  as  other 
systems  of  organs  are  found  added  to  the  organs  of 
nutrition?   Does  the  distribution  of  organised  fossil 
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bodi^  iiidicate  tt  progrtsslve  development  of  vege- 
table and  animal  life  on  the  globe;  a  successive 
appearance  of  acotyledon  and  mo&ocotj'ledon 
plants,  of  zoc^hites,  Crustacea,  moUnscee,  (cephalo- 
podes,  acephali,  gadteropodes,)  of  fish,  saurians 
(oviparous  quadrupeds),  dicotyledon  plants,  and 
sea  and  land  mammiteree  ?  In  considering  fosul 
bodies,  not  in  their  connection  with  certain  rocks 
in  which  they  have  been  discovered,  but  merely  in 
relation  to  their  distribution  according  to  climates, 
is  an  appreciable  difference  found  between  the 
species  which  predominate  in  the  ancient  and  in  the 
new  continent,  in  temperate  climates  and  in  the 
torrid  Zone,  in  the  northern  and  southern  hemi- 
spheres? Is  there  every  where  found  a  certiun 
number  of  the  trojncal  species,  which  seem  to 
denote  that,  independently  of  a  distribution  of 
climates  similar  to  those  of  the  present  time,  titey 
have  experienced  in  the  first  period  of  the  worfd, 
the  high  temperature  which  the  fissured  crust  of 
the  globe,  stron^y  heated  in  its  interior,  had  given 
to  the  circumambient  air  ?  Is  it  possible  to  dis- 
tinguish, by  precise  characters,  fresh-water  from 
marine  shells  ?  Is  the  determination  of  the  geneira 
complete,  or  are  there  (as  among  fish,)  some  genera 
of  which  the  species  live  alike  in  rivers  and  the 
seas  ?  Although  in  some  tertiary  rocks  iluvistile 
shells  are  found  mixed,  as  at  the  mouths  of  rivers, 
with  pelagic  shells,  may  it  not  be  observed,  in 
general,  that  the  first  form  particular  deposits, 
characterising  those  formations,  the  study  of  which 
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had  been  hitherto  neglected,  and  which  are  of  a 
very  recent  origin  ?  Have  any  fresh-water  sheila 
ever  been  discovered  beneath  Jura  limeBtone,  near 
fish  reputed  to  be  fluviatile,  in  the  bituminous  slate 
of  the  alpine  limestone  ?  Are  the  same  species  of 
fossils  found  in  the  same  formations  on  different 
points  of  the  globe  ?  Can  they  furnish  zoological 
characters  by  which  the  various  superimposed 
ftmnations  may  be  recognised  ?  or  ought  tre 
not  rather  to  admit  that  those  Species  which  the 
zoologist  must  regard  as  identical,  according  Ut 
the  adopted  methods,  petietrate  through  Mveml 
formations,  and  appear  even  in  those  which  Wd 
not  in  immediate  contact?  Ought  not  the  zoo- 
logical characters  tx>  be  drawn  from  the  total 
absence  of  some  species,  and  from  their  relative 
frequency  or  predominance ;  finally,  from  tiieii* 
constant  association  with  a  certain  number  of  other 
species  ?  Ought  we  to  divide  a  formation,  the 
unity  of  which  ha*  been  recognised,  from  the  re- 
lative position  and  the  identity  of  the  beds  which 
are  interposed  equally  in  the  upper  and  lower 
strata,  for  the  sole  reason  that  the  former  strata 
contain  fresh-water  shells,  and  the  latter  sea  shells? 
Is  the  total  absence  of  organised  bodies  in  certain 
masses  of  secondary  and  tertiary  formation^  a 
sufficient  reason  for  considering  those  masses  as 
particular  formations,  if  other  geognostic  &cts  do 
not  jiMtiiy  that  separation  ? 

A  part  of  these  problems  has   been  presented 
long  since  to  naturalists.    Lister  maintained  above 
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a  hundred  and  fifty  years  ago,  that  every  rock  was 
characterised  by  different  fossil  shells.  (PAiV.  lyam.. 
No.  76.,  p.  2283.)  To  prove  that  the  shells  of  our 
seas  and  lakes  are  specifically  dififerent  irom  fossil- 
shells  (lapides  sui  generis),  he  affirms  that  the  latter, 
those,  for  instance,  of  the  quarries  of  Northamp- 
tonshire, bear  all  the  characters  of  our  Murex,  our 
TelUna,'  and  our  Trochm ;  but  that  those  na^ 
turalists,  who  are  not  contented  with  a  vague  and 
general  view  of  things,  will  find  that  many  fossil  shells 
are  specifically  different  from  all  the  shells  of  the 
present  world."  Nearly  at  the  same  period,  Ni- 
cholas Stenon  (de  solido  intra  soUdum  contenlo, 
1669,  p.  2. 17-  28. 63.  69.  fig.  xx— xxv.)  first  dis- 
tinguished "  the  primitive  rocks  anterior  to  the 
existence  of  plants  and  animals  on  the  globe,  and 
consequently  never  containing  any  organic  re- 
mains, from  the  secondary  rocks  superimposed 
on  the  former,  and  filled  with  animal  remains  (iter' 
bidi  maris  sedimenta  sibi  invicem  impositd)."  He 
considered  every  bed  of  secondary  rock  *'  as  a  se- 
diment deposited  by  an  aqueous  fluid ;"  and  adopt- 
ing a  theory  quite  similar  to  that  of  Deluc,  "  on 
the  formation  of  vallies  by  longitudinal  sinkings, 
and  on  the  inclination  of  beds  originally  liorizon- 
ta!  j"  he  admits  for  the  formations  of  Tuscany,  in 
the  same  manner  as  modem  geologists,  "  six  great 
epochas  of  nature  {sex  distirtctce  Etrurim  Jades, 
ex  prtEsenti  Jacie  Etrurus  coUectce),  according  as 
the  sea  periodically  inundated  the  continent,  or  re- 
tired within  its  ancient  limits."    At  the  time  when 
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the  observati(Ht  of  nahire  gave  rise  in  Italy  to  the 
first  ideas  on  the  relative  age*  and  the  succrasioni  of 
primitive  and  secondary  beds,  zoology  and  geognosy 
could  not  as  yet  lend  mutual  wl  to  each  other,  be- 
cause the  zoologists  had  no  knowledge  of  rocks,  and 
the  geognosts  were  altogether  strangers  to  thelia- 
tural  history  of  animals.  They  vaguely  regarded 
every  thing  as  specifically  identical  that  exhibited 
any  analogy  of  form ;  but,  at  the  same  time,  (and 
that  was  a  step  made  in  the  right  path,)  they  paid 
attention  to  the  fossils  which  abounded  in  par- 
ticular rocks.  Thus  the  denominations  of  gryphite 
limestone,  limestone  with  trochites,  schists  with 
iems,  schists  with  trilobites  (Gryphiten-und  Tro- 
chiten-Kalk;  Kiauterund  Trilobiten-Schiefer,) 
were  very  anciently  employed  by  the  minera- 
lo^ts  of  .Germany.  The  determination  of  the 
genera  characterised  by  the  teeth,  the  grooves, 
the  sharp  and.  indented  edges  of  the  .hinge,  by 
the  fol(^  and  fillets  at  the  opening  of  the  shell,  is 
much  more  difficult  in  the  most  ancient  secondary 
rocks  than  in  the  tertiary  formations }  the  former 
being  generally  less  irlable,  and  adhering  more  to 
the  shell  of  the  fossil  body.  This  difficulty  aug- 
ments when  we  wish  to  distinguish  the  species,  and 
becomes  almost  insurmountable  in  some  calcareous 
transition  rocks,  and  in  the  muschelkalk  which 
contains  broken  shells.  If  the  zoologic  characters 
of  a  certain  number  of  formations  could  be  formed 
&om  genera  sufficiently  distinct,  if  trUobites.  wtd 
orthoceratites  belonged  exclusivdy  to  intermediary 
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Suniifttidto^  tlie  gtyfi^t&s  ta  th«  »t^t^  limestone 
•(feediBt^h),  tke  pectinites  to  the  bante-sandsteiti 
(sMid^tone  of  Nebra),  trochittis  lead  myt&iM6  to 
-the  museh^tcalk,  tdlinsB  to  quadersand^teis,  »&- 
^nomtes  and  -turriteflffi  to  the  limestone  a»d  mtofl 
of  the  Jura,  the  ananchytes  ahd  <the  spatai^i  tb 
the  ch^k,  scad  cerhhia  to  the  calcaire  ^jrossier  of 
Paris  ^  the  knowledge  of  those  genera  would  greatlj' 
facilitate  the  detertninatioh  of  rocks ;  it  wmd  J  no 
longer  "be  tiecessary  to  exahiine  the  supeipOMtioft  -cif 
■formations  tin  flte  spot-,  this  tt^htbe  ascertained 
in  the  <Jabinet,  and  *nly  by  consulting  cdlectifrtls. 
-But  Nature  has  Hdt  rendered  so  easy  the  study  Of 
the  sh^y  masses  that  constitute  the  crust  o€  our 
-planet.  "The  same  types  of  organisation  afe  re- 
peated at  very  different  epochas ;  the  same  gfenera 
are  found  in  the  most' distinct  'formations.  Grtho- 
-eeratites  occur  in  transititm  limestone,  al[HQe  lime- 
■atone,  tmd  Tari^;ated  sandstone  j  tetebratulites  in 
the  KmestMie  of  Juraand  the  tnuschdfcalk;  trilo- 
bites  in  transition  day-date,  in  the  -bitumiBoua  date 
■of  the  zechatein,  and,  according  to  an  excellent 
geognost,  M.  de  Sehlottheim,  eVen  in  Jura  lime- 
stone^ there  are  pentacrinites  in  tran^tion  c4ay- 
slftte.  and  the  mo^  modem  muschelkalk.  Tbs 
ammonites  penetrate  througli  many  calcareoas 
wid  marly  formations,  from  grauwaAe,  (RaMmer 
Versuche,  p.  aS. ;  SchlottheiBQ,  Petre^teObaude, 
■p.  88.)  as  far  as  into  the  lower  beds  of  the  ehaft. 
^Trunks  of  monocotyledon  j^ants  occur  §n  the  red 
Sfmd^;(Hie,   and  hi  the  maris  (^  the  fre^-wttt^ 
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gypaam  formed  at  a  poriod  wbea  dias^ledoo  pimt& 
were  jilmady  abundant  in  the  world. 

But  ia  the  present  »ge,  aaturalists  are  no  longer 
B«ti3fiBd  viti>  vague  and  oacertain  notions,  and  they 
have  aagaciously  observed  that  the  greatest  number 
<fiF  those  fossils  (gryfidtea,  terebratidites,  vnmor 
nites.  trilobitefl,  &c.)  buried  in  different  foimEttione, 
are  not  apedSct^y  the  same )  that  many  spet^e? 
whach  they  have  been  endided  to  esanune  with 
pneoiuon,  vary  with  the  superposed  rocka.  Th« 
6A  that  have  been  observed  in  tiausition  skbe 
(Olaiis),  ia  the  bituminous  date  of  ,i^e  aechsteio* 
in  the  Jui-tf  limestone  in  the  tertiary  Hmeatone 
with  cerithia  of  Paris  and  oi'  Monte  Boka,  and  m 
Ihe  gyp»un  oi  Montmarti^  are  dbtiucit  frpeci^ 
tartly  pelagic,  and  partly  fluviatile.  Ought  ve  to 
condude  &om  this  awemblage  rf^cts,  that  all  the 
IbnnatioQs  are  dbaraeten^ed  by  partieulaj:  specie^? 
that  the  fossil  gheUs  of  the  chaft,  of  the  mwsfihelr 
JteJk,  of  1^  Jura  limestwtf^  and  of  the  #]{Hne 
ikaestonfe  all.  Mkr  sfrom  each  other  ?  Thm  woi44 
fee,  in  my  opinion,  to  cariy  the  induction  much 
iop  £ar;  and  M.  Brongnia^  himself,  who  knows 
BO  wejl  3^10  v4Jue  of  ?0QjQgJed  chftwetera,  re^rict# 
their  (Aiohih9  ^jnUeation  to  the  case  whwe  H 
w  :n»t  .Qpppned  by  superposition,  pr  the  .circwn^ 
«l»nttesH^'theif0$og3otQHticp)Ac«.  J  snight  fflentioQ 
ibe  cerithia  (rf  th»  limestone  yfUah  is  found  (nwf 
.Caen)  bfhyf.  the  (^balk,  aed  which  .sieeje  to  ifl- 
idtiarfe  ^Uke  She  jre^jetitiw  pf  elsys  with  li^^S 
^»Ye  W  i«4eji'  the  *b«ik,)  p  cen^  ponnectiM 
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between  formations  which  at  first  »ght  appera-  to 
be  quite  distinct.  I  might  dwell  on  othei-  species  of 
shells  which  belong  at  the  same  time  to  sevea^  terti- 
ary formations,  and  add,  that  even  if  at  a  future  time 
werfiould  succeed  in  separating,  by  slight  characters, 
and  insensible  gradations,  species  which  are  at  pre- 
Bent  considered  as  identical,  those  nice  distinctions 
would  not  quite  satisfy  the  enquirer  concerning  the 
universality  so  desirable,  of  zoologic  characters  in 
geognosy.  Another  objection,  drawn  irom  the  in- 
fluence which  climates  exert  even  on  pelagic  ani- 
mals, f^pears  to  me  still  more  important  Although 
the  seas,  from  well-known  physical  c&uses,  have, 
at  immense  deptiis,  the  same  temperature  at  the 
equator  and  within  the  temperate  zone,  yet  we  see, 
in  the  present  state  of  our  planet,  the  shells  of  the 
tropics  (among  which  the  univalves  predominate,  as 
they  do  among  the  testaceous  fossils,)  differ  much 
ftora  the  shells  of  northern  climates.  The  greatest 
number  of  those  animals  adhere  to  reeis  and  shal- 
lows ;  whence  it  follows,  that  the  specific  differences 
are  often  very  sensible  in  the  same  parallel  on 
oppo^te  coasts.  Now,  if  the  same  formations  are 
repeated  and  extended  to  immense  distances,  from 
east  to  west,  from  north  to  south,  and  from  one 
heoiisphere  to  the  other,  is  it  not  probable,  what- 
ever may  have  been  the  complicated  causes  of  the 
antient  temperature  of  om*  ^obe,  that  variations 
of  climate  must  have  modified,  heretofttre  as  now^ 
the  types  of  organisation ;  and  that  the  same 
formation  (that  is,  the  same  rock  placed  in  the  two 
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hemispheres  between  two  bomonymous  fonnatioiu,) 
would  have  enveloped  different  species?  It  no 
doubt  often  happens,  that  superposed  beds  present 
a  striking  difference  in  their  fossil  organic  re- 
mains. But  can  we  thence  conclude,  that  after  a 
deposit  was  formed,  the  beings  which  then  inhabited 
the  surfiice  of  the  globe  were  all  destroyed  ?  It  is 
incontestable  that  generations  of  different  types 
have  succeeded  to  one  another.  The  ammcniites, 
'which  are  scarcely  to  be  found  among  transition 
rocks,  attain  their  meucmvm  in  the  beds  that  re- 
present, on  different  points  o£  the  globe,  the  mus- 
chelkalk  and  Jura  limestone  ;  they  disappear  in  the 
upper  beds  of  the  chalk,  and  above  that  formation. 
The  echinites,  extremely  rare  in  alpine  limestone, 
^id  even  in  muschelkalk,  become  on  the  con- 
trary very  common  in  the  Jura  limestone,  chalk, 
and  tertiary  formations.  But  nothing  proves  that 
this  succession  of  different  organic  types,  this 
gradual  destruction  of  genera  and  species,  ccan- 
cides  necessarily  with  the  periods  at  which  eadi 
formation  tocAi  place.  "  The  consideration  of  the 
umilitude  or  of  the  di^rence  between  organic  re- 
mains is  not  of  great  importance,  (says  M.  Beu- 
dant.  Visage  Min.,  torn,  iii.  p.  278.)  when  we 
compare  the  deposits  which  have  been  formed  in 
coulees  very  distant  &oxa  each  other;  but  is 
highly  important  if  we  compare  deports  that  are 
near  together." 

In  opposing  the  absolute  opinion  which  we  might 
be  tempted  to  form  on   tiie  value  of  zoological 
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Cbsraeten»  I  am  au-  from  denying  fhe  impottaM 
services  r&adered  to  geo^^nosy  hy  the  stutfy  <ff 
fosnl  organic  bodies,  if  we  consider  that  scieticti  in 
8  philosophic  point  of  view.  Geognosy  is  not 
confined  to  the  research  for  diagnostic  character ; 
It  comprehends  the  whde  of  those  relfttions  in 
which  we  may  consider  every  formation!  is^  its 
position;  Sdly,  its  oryctognostic  constitution  (thftt 
is,  its  dianical  composition,  and  the  particular 
mode  of  aggregation,  more  or  less  crystadline,  of 
its  molecules);  Sdly,  the  association  of  di£^%nt 
oo^ganised  bodies  that  are  found  imbedded  in  it 
If  the  superposition  c^dif&rent  heterogeneous  rocky 
masses  exhibits  to  us  the  successive  order  (^  their 
formation,  why  shonld  we  not  be  interested  in 
knowing  the  state  of  organic  nature  at  the  di£ 
ferent  epocfaas  when  those  deposits  were  formed? 
There  can  be  no  doubt  that  ml  a  surftce  «f 
several  thousand  square  leagues  (in  Thurtngia, 
and  in  sH  the  northern  part  of  Germany),  nine 
superposed  formations,  viz.  that  of  tranatioai  lime> 
stone,  granwacke,  ted  sandstone,  sechstein  witii 
bituminous  slate,  muriatiferous  gypsum,  ooUtifl 
limestone,  gypsum  in  clay,  musohelk^,  white 
sandstone  (quadersandstein),  have  been  recognised 
as  distinct,  without  having  had  any  recourse  ixy  the 
use  of  zoological  characters;  but  it  does  not  ibllow 
&om  thence,  that  the  most  minute  examination  of 
those  characters,  or  rather  that  the  most  intimate 
kiiowledge  of  the  fossils  contained  in  each  ^tTX^* 
atim;,  is  not  indispensedile  in  order  to  fbnn.  *  Ooffl* 
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plete  geogBostic  ytotk.  Ilie  study  of  fbrmatioae  is 
similar  to  that  of  org^isect  beings.  B<^any  and 
zoology,  cooadered,  at  present  in  a  more  elevated, 
point  of  view,  are  no  loaget  confined  to  the  ex- 
agooinatioi]  of  sonie  external  characters  and  distinc- 
tiom.  of  species ;  those  sciences  enter  more  pro- 
foundly into  the  study  of  the  whole  vegetable  and 
animal  organisation.  Xbe  characters  drav^n  from 
tiie  forms  of  shells  suffice  to  distingui^  the  dif- 
fa^nt  species  Qf  testaceous  acephatse.  Shall  we^ 
on  that  accQunt,  regard  as  superfluous  the  know- 
ledge of  the  animals  which  inhabit  these  shells? 
Such  is  the  coonection  among  phenomena,  and 
their  natural  rations  (those  of  life  as  well  as  those 
di^l^yed  by  the  stony  deposits  formed  at  different 
periods),  that  if  we  neglect  any  of  them  we  shaU 
fprm  a<»  oipiy  I^l  Incomplete,  but  most  frequently, 
an  erroneous  picture  of  the  whole. 

la  the  ca?e  of  the  conformity  of  position,  there 
v^ay  be  ideplity  of  mass  (that  is,  of  mineralpgieal; 
cotqpoaitiQn,)and  diversity  of  the  fossils,  or  diversity 
of  m^ss  and  identity  ot'  fossils.  Th^  rocks  ^  and  ^ 
placed  at  gfeiat  horizoptal  tji^nces,  between  two 
identical  formations,  »  ^d  y,  belong  either  to  the 
fune  jformatiop,  or  are  parallel  ibrmations.  In 
t2ie  4rst  c^s^)  their  composition  is  similar}  but 
oa  ^couot  of  the  distance  of  {dbces,  and  efiects 
of  clinaate,  the  org^pic  ren>ains  which  they  con- 
t«ui  va^f  4iQer  considerably.  In  the  second  case 
tb«  iffingralqgicat  composition  Is  different,  but  the 
pr^oic  rQtQftUJS  oiay  ,be  an4ogous.     I  ccmsider 
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thewordB identicdl_fi»TnationStparaUelfimnaiionSt  as 
indicating  the  confonnity  or  non-conformity  o{  mi- 
neralogical  composidoD;  but  they  do  not  enable 
us  to  prgudge  respecting  the  identity  of  fossils. 
If  it  be  eniffidently  probable  that  the  deposits  fi 
and  |9,  placed  at  great  horizontal  distances  between 
the  same  rocks,  a  and  y,  are  formed  at  the  same 
epochs,  because  they  contain  the  same  fos^Is,  and 
are  of  the  same  composition,  it  is  not  equallyprobable 
tiiat  the  epockas  qfjbrmation  sae  very  distant  from 
each  other,  when  the  fossils  are  distinct.  It  may 
be  conceived  that  in  the  same  zone,  in  a  country  of 
small  extent,  generations  of  animals  have  succeeded 
each  other,  and  have  characterised,  as  itwere  by  par- 
ticular  types,  the  epochs  of  formations ;  but  at  great 
horizontal  distances,  beings  of  various  forms  may 
have  occupied  simultaneously,  in  different  climates, 
the  surface  of  the  globe,  or  the  basin  of  the  sea. 
It  may  be  observed  further,  that  the  position  of  0 
between  «  and  y  proves  that  the  formation  of  ^  is 
anterior  to  that  of  y,  and  posterior  to  that  of  «} 
but  nothing  gives  us  an  absolute  measure  of  the 
intervals  of  time;  and  di^rent  insulated  deposits 
of  ^  may  not  be  simultaneous. 

It  seems  to  result  from  the  facta  collected  through 
the  zeal  and  sagacity  of  naturalists  within  a  few 
years,  that,  though  we  must  not  always  expect  to 
find,  as  Lister  pretended,  in  every  different  form- 
ation, vestiges  of  different  organised  bodies,  ytit 
those  formations  which  are  considered  as  identical 
from  their  place  and  composition,  usually  contqin, 
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in  the  most  distant  countries  of  the  globe,  associa* 
tions  of  species  entirely  similar.  M.  Brongniart 
(whose  labours,  joined  to  those  of  MM.  Lamarck, 
Defrance,  Beudant,  Desmarest,  Prevost,  Ferussa<^ 
Schlottheim,  Widilenberg,  Buckland,  Webster, 
Phillips,  Greenough,  Warburton,  Sowerby,  Brocchi, 
Soldani,  Cortesi,  and  other  celebrated  mineralogists, 
have  so  much  advanced  the  study  of  subterraneous 
conchology,)  has  recently  pointed  out  the  striking 
analogies  which  fossil  bodies  present  in  certain 
formations  of  Europe  and  North  America..  He 
has  attempted  to  prove  that  a  formation  is  some- 
times so  disguised,  that  it  can  only  be  recognised  by 
zoological  characters.  (Brongniart,  Hist.  Nat.  des 
Crustacees  Fossiles,  p.  57-  62.)  In  the  study  of 
formations,  as  in  all  the  descriptive  physical  sci- 
ences, it  ia  the  sum  of  many  characters  that  should 
guide  us  in  the  search  after  truth.  The  specific 
description  of  the  vestiges  of  plants  and  animals 
contained  in  the  various  rocks  becomes  a  sort 
of  ITora  or  Ftmna.  Now,  in  the  primordial 
world,  as  in-  the  present,  the  vegetation  and  the 
animiQ  productions  of  various  portions  of  the 
globe  appear  to  be  less  characterised  by  some  insu- 
lated forms  of  an  extraordinary  aspect,  than  by  the 
association  of  many  forms  specifically  dififerent^  but 
analogous  among  themselves,  notwithstanding  the 
distance  of  the  localities.  In  discovering  a  new 
land,  near  to  the  streight  of  Torres,  it  would  not 
be  easy  to  determine,  from  a  small  number  of  pro- 
ductions, if  that  land  be  contiguous  to  New  Hol- 
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lapdr  to  (me  of  the  Molucca  islandsj  or  to  New 
Guuiea.  To  coiQpare  formatione  with  relation  to 
fossils,  h  to  compitre  the  Fforas  aod  Fat^es  ef 
yarioos  eoimtiias  at  various  perioda ;  tt  is  to  solve 
a  problem  m>  much  the  mcffe  complicated,  as  it  is 
modiiied  at  once  by  apaqe  and  time. 

Among  the  zoological  charact^^  applied  to  geo- 
gaosyt  the  absence  of  aomefosaUs  oilen  chwaoterisra 
foraiations  better  than  their  presence.  This  is  the 
case  with  the  truuition  rocks ,  vre  ^d,  in  general, 
only  madrepores,  encrinites,  trilobites,  orthocera-  - 
titeS)  and  shollft  c^  the  family  of  terebratulffi ;  that 
m  to  say*  fossils*  of  which  some  ^des  not 
identical^  though  uialogous,  are  found  in  Tcry 
modem  secondary  bed?;  but  in  these  transition 
n>ck9  many  other  remains  of  organised  bodief  are 
wanting,  vhich  appear  in  nbMndance  9bove  th9 
red  sandstone.  The  opijaipi)  which  vfe  may  form 
from  the.  absence  of  certain  species,  or  on  the 
total  absonc©  of  or^mic  bodies,  may,  however,  b^ 
the  consequenqe  of  an  eWor  which  it  will  be  usefUl 
to  point  out.  Inesaimninginageneriid'm^nerti^ 
formations  cout^ning  shelly  we  e^  that  orgsni^d 
bodies  are  not  always  equally  distributed  in  the 
mas^:  but  Ist,  that  ^ata  entirely  destitute  of 
fossils  alternate  with  other  strata  where  they 
abound}  Sdly,  that  in  the  same  formatioo,  particular 
j^ssQciatiooB  of  fossils  characterise  cert^  strata 
Uiat  altfiniate  with  other  strata  contvnjng  di£^i9St 
fossils.  This  ^beoomenon,  long  ««)ce  notieed,  is 
j^ii^d  to  opcw  in  the  amsfibfUnlk,  agtd  slpinc 
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Umestone  (zechstMii),  vbieh  are  often  sejtarated 
from  the  coal  sandstone  by  a  bed  containing  tro- 
chitea.  (Buch,  Beob.,  t.  i.  p.  155, 156.  171.)  This 
is  also  the  cese  in  the  Jioalinlertone^  and  in  several 
tertiary  ibnnati<His.  In  studying  only  the  chalk 
in  the  vicinity  of  Parist  ve  mi^t  aloiost  be  induced 
to  think  that  univalve  sbelis  are  entirely  wanting 
in  this  formation ;  but  the  polythalanious  Uni- 
valves, the  ammonites,  as  we  have  already  ob- 
served, are  very  common  in  England,  in  the  bldest 
beds  of  the  chalk.  Even,  In  France,  (on  the  hiU 
of  S^nt  Catherine,  near  Caen,)  the  tufaceous  chalk 
(craie  tufleau)  and  the  chalk  with  chlorite  (craie 
ddorit^e)  contain  many  fossils  that  are  not  found 
in  the  white  chalk;  (Brongniart,-  Caracteres  ZooL^ 
p.  liS.)  The  fdrmationB  not  being  equally  developed 
in  dissent  countries,  portions  of  f^mations  being 
oftoi  taken  for  entire  and  complete  formations^ 
those  wMch  are  destitute  of  shells  in  one  regionp 
may  contain  them  in  another.  This  conaiderattiH) 
ia  important  in  ordor  to  prctvent  the  dispeaitiaa  to 
multiply  formations  noneceasarily ;  for  when  on 
the  same  point  of  the  globe,  a  formation  (for  in- 
stance, sandstone,)  contains  in  it»  lower  part  a 
great  quantity  of  fossils,  wMdi  are  entirely  wanting 
in  the  upper  part,  this  absence  of  fossHs  does 
not  alone  justify  the  division  of  the  formations  into 
two  distinct  portions.  M.  Brongniart,  in  the  geo* 
l<^cal  description  of  the  envirmui  of  Paris,  baa 
ptopeiiy  united  the  meuliere  witiiout  sbelte  wittt 
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those  beds  which  are  completely  filled  with  fresh 
water  shells. 

We  have  just  seen  that  a  fonnation  may  contain, 
in  different  strata,  petri&ctions  of  different  ^ecies, 
but  that  most  frequently  some  species  of  an  in- 
ferior stratum  will  be  found  in  the  mass  of  hetero- 
geneous species  that  occurs  in  the  superimposed 
bed.  When  this  difference  bears  upon  genera, 
some  of  which  are  pelagic  shells,  and  others  fresh- 
water shells,  the  problem  of  the  unity",  or  the 
indivisibihty  of  a  formation  becomes  more  embar- 
rassing. We  must  firat  distinguish  two  cases,  that 
in  which  some  fluviatile  shells  are  found  minted 
with  a  great  number  of  marine  shells,  and  that 
where  marine  and  fluviatile  shells  may  alter- 
nate bed  by  bed.  MM.  GiUet,  De  Laununt, 
and  Beudant  have  made  interesting  observatioDs 
on  the  mixture  of  marine  and  fresh-water  pro- 
ductions in  fhe  same  bed.  -  M.  Beudant  has 
proved  by  ingenious  experiments,  that  many  flu>- 
vmtile  moUuscffi  may  be  gradually  accustomed,  to 
to  live  in  water  which  has  all  the  saltness  of,  the 
ocean.  The  same  natsurtdbt  has  examined,  con- 
jointly with  M.  Marcel  de  Serres,  certain  specie 
of  paludinffi,  which,  preferring  brackish  water,  are 
found  near  our  coasts,  sometimes  with  pelagic 
shdls,  sometimes  with  fluviatUe  sheUa.  (Journal 
ie  Phys.,  t.  Ixxxiii.  p.  ld7->  t.  Ixxxviii.  p.  Sll.; 
Brongniart,  Geog.Min.,  p.  27- 54. 89.)  To  these 
curious  facts  others  may  be  added,  which  J  have 
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published  in  the  Narrative  of  my  Voyage  mtx 
Regions  Eqmnoxiales,  (t.  i.  p.  556.,  tiL  p.  606.), 
and  which  seem  to  explain  what  formerly  took 
place  on  the  globe,  from  what  we  now  observe.  I 
saw  crocodOes  on  the  coast  of  Terra  Firma,  between 
Cumana  andNuova  Barcelona,  advance  far  into  the. 
sea.  I^afetta  made  the  same  observation  on  the 
crocodiles  of  Borneo.  To  the  south  of  tiie  Isle  of 
Cuba,  in  the  gulph  of  Xagua,  there  are  lamantins  in 
the  sea,  where  springs  of  fresh  water  issue  in  the 
midst  of  the  salt  water.  When  we  reflect  on  the 
whole  of  these  facts,  we  are  less  astonished  at  the 
mixture  of  some  land  productions  with  many 
others  that  are  incontestably  marine. 

The  second  case  which  we  have  mentioned,  that 
of  alternation,  never  occurs  I  believe  in  so  decided 
a  manner,  as  the  alternation  of  clay-slate  with  black 
limestone  in  the  same  transition  formation,  or,  (to 
recall  to  mind  a  feet,  which  relates  to  the  distribution 
of  organised  bodies,)  than  the  altematioD  of  two 
great  marine  formations  (limestone  with  ceritMa 
and  the  sandstone  of  Romainville),  with  two  great 
&esh<water  formations  (the  gypsum,  and  meuliere 
of  ^e  plateau  of  Montmorency).  What  the  ac- 
curate observation  of  superpositions  has  hitherto 
supplied  may  be  reduced  to  alternating  beds  of 
gypsum  and  marl,  placed  between  two  marine  form- 
ations -y  and  containing  in  the  middle,  (where  they 
are  thickest,)  land  and  fresh- water  productions ;  and 
towards  the  upper  and  lower  limits,  marine  produc- 
tions, both  in  gypsum  atid  in  marl;  such  is  the  geo* 
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jflgicsl  comtitution  of  the  ^^^psum  of  MootouvtKt 
The  specific  vaiiatioQs  Id  the  petei&ctjons,  the 
BMKtufe  observed  at  Pierrelaifi,  ami  the  pheoo- 
vaenon  of  altematicm  that  occurs  at  Montmartrey 
are  not  suflident  to  axtthodse  the  pubdividijc^  of  » 
fonnation.  The  marls  atad  the  gypsmn  which 
'CCHittun  moriae  shells,  (No.  16, of  the  third  mass,) 
caaoot  he  geegnostic^V  sepfuated  .frttm  the  marl 
«id  ;^^um  cpjjtaining"  fresh-water  iwroduotions. 
MM.  Cuwer  and  Brongaiart,  therefore,  have  w* 
hesitated  t»  conaidertjbe  whole  of  those  jnads,  yvUk 
the  mmae  aod  fi?e^w&ter  gypsiun,  as  the  BMoe 
formation.  Those  naturaijsta  have  evem  dt^d  thie 
assemblage  of  aHernatijig  beds  w^ae  of  the  cleared 
ftxani^dee  of  wlwi  should  be  undersjbood  by  the 
ynfadj^yrmaiim-  (Gtogr,  Miner,  p.  31.  59- 189.) 
In  foot,  ^fifereotfrjatenas  of  beds  maybe  coataifted 
is  the  same  itormationt  they  are  groups  sub- 
(divisioiiw,  oc  w  it  i»  said  by  the  gepgppfit»  of  ib^ 
(wAori  «f  SfBfe«rg,  »embef s  aoore  ose  1  ws  iisvciloppd 
idftSiefiame  fwnuttMttu  (Fme^el^es,  ^tfg^  i.i- 
^.17^  tiii.  p.» 

.Notwifbstawto^  rfie  ,iWKti««  ef  p«i^c  and  flfl- 
-wtU^ehi^,  'which  ^  ^ontetine*  oj^rvi^  at:  the 
.oolUHOt  of  two.formatifros  of  diiBferi^t  origw,  the 
iname  djf  •wniw  ^wnej/pTK,  (W  (ii  marim.stmd^ow> 
■m^  be  glvflu  jbo  o^  flf  ■ihoee  iferwftt^ons,  wh^  we 
ma^  to  ideriye  )th$  .deiwnfttoatwm  frfithe  leckg  tady 
^ftffl,  the  .^etae^  wbwh  -  cwstitufce  tiwj  gre%^t  ma^fb 
-and  the  middle  of  the  hede,  TWp  fcenraineto^ 
-M&»  tO[ai6k£t  ^tMongs.'to  the:^&9(3«pf  g».Q- 
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gbny,  and  to  the  jUKdeat  histaiy  of  onr  platMt: 
it  decides  (perhafM  somewhat  too  much)  on  tbs 
alternation  of  frerfi  and  sait- water.  I  do  not  deny 
the  iitiMjty  of  the  denominationa  marine  stmdstoBe 
or  marine  Umestone  for  local  descriptions ;  hut*  eu:- 
cording  to  the  principles  which  I  propose  foUow*. 
ing  in  this  esBayoe  Ruinations,  characterised  accord- 
ing to  the  place  which  they  occupy  as  the  ternu 
of  a  series,  it  appeared  to  me  that  I  otight  heos 
carefiilly  to  xvoid  them.  Are  all  the  formations 
below  the  t^ialk,  or  even  helow  the  limeBtone  -with 
ceiithia  {calcaipe  grossier  of  the  hasin  of  Fans), 
'without  exception,  >niarine  limestone  and  orarme 
sandstoHe  ?  Or  do  4iie  monitors  ■az>d  fieh  of  the 
'C(q]})er  «late  in  the  ^dpine  limestone  of  Thurii^;fa4 
4^e  ichthyosauri  'of  Mr.  Home,  ^aced  below  Ihe 
<ooMtes  of  Oxford  and  Bath  in  the  luts  of  £pg- 
land,  (which  is  r^ir^ented  4»i  the  ^Continent  byi 
paxt  of  the  Jufa  limestone)  j  the  «rocodilef  of 
Harfleur,  buried  in  the  clay  with  ItmestoiDe  .beds 
ftbore^be  oolites  of  Dive,  and  tJoe  Umestone  of 
Isigny,  (conseciuently  Ere^Mdox  to  the  Hmgrtmw 
of  the  Jura,)  prore  diat  below  the  .chaik,  he* 
tween  this  fsmiation  and  the  red  sandstono,  -there 
are  small  formotioas  <of  £-esh-water  iMerpoiul  in 
the  gteatmarmejamuaiortsf  Do  not  beds  of  coal 
«ith  ioa^enioBB  .of  fizn, :  beneath  the  red  ^sandatone 
and  -tike  seoondary  porphyry,  iimnch  an  -evident 
example  «f  a  very^uuuent  &t*matiaa  notTq&iijmi 
These  iSFCuauAances  paint  cnit^  hi  the  prcaent  eimbt 
eCthe  Bdenee, -how  inoeh  owEtiou /efaoodd  ;lic  Bocd 
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when  we  attempt,  from  characters  that  are  merely 
zoological,  to  divide  fonnatimu,  the  uni^  of 
which  seemed  certain  from  the  alternation  of  the 
same  beds,  and  ftom  other  phenomena  of  position. 
(Engelhard  and  Raumer,  Geogn,  Vers.,  p.  135. 
153,)  This  caution  is  so  much  the  more  neces- 
sary, since,  according  to  the  testimony  of  a  mine- 
ralogist who  has  long  deeply  investigated  this  mat- 
ter, M.  Brongniart,  there  exists  a  sort  of  transition 
between  the  formation  of  oxarine  limestone  and  that 
of  the  fi*esh-water  gypsum  which  follows  this  lime- 
stone i  and  those  two  formations  do  not  exhibit  that 
abrupt  separation  which  occurs  in  the  same  places 
between  the  chalk  and  the  calcaire  grossier,  that  is^ 
between  two  marine  formations.  The  same  observer 
adds,  "  it  camurt  be  doubted  that  the  ^t  beds  c^ 
gypsum  were  deposited  in  a  liquid  analogous  to 
the  sea,  while  those  that  succeeded  were  deposited 
in  a  liquid  analt^ous  to  &esh  water."  (6ne«^ 
Mm.,  p.  168. 193.) 

'.  In  stating  the  reasons  which  prevent  me  from 
geoeralisiiig  a  terminokigy  founded  on  the  contrast 
between  fiesh-.water  and  marine  productions,  I  am 
&r  from  disputing  the  existence  of  a  fresh-water 
formation,  superior  to  every  other  tertiary  formation, 
and  which  contains  only  bulimi,  linmeae,  cyclo- 
stonue,  and  potamides ;  recent  observations  have 
demcHistrated  that  this  formation  is  more  g^ierally 
spread,  than  was  at  first  supposed ;  it  is  a  new  and 
last  term  to  be  added  to  the  geognostic  series.  We 
owe  the  accurate  knowle^  of  tlus  fre^water 
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limestone  to  the  useful  labours  of  M.  Brongniart. 
The  phenomena  presented  by  the  fresh-water 
fonnations,  the  existence  of  which  was  formerly 
known  only  by  the  tufas  of  Thuringia,  and  by 
the  ever-renowned  travertim  of  the  plains  of 
Rome,  (Reuss,  Geogn.,  t.  ii.  p."  64^.;  Buch, 
Geogn.  Beob.,  t  ii.  p.  21 — 30.,)  are  connected  in 
the  most  satisfactory  manner  with  the  admirable 
laws  which  M.Cuvier  has  noticed  in  the  position  of 
the  bones  of  viviparous  quadrupeds.  (Brongniart, 
AimaJes  du  Musettm,  t.  xv.  p.  357.  581. ;  Cuvier, 
Rech.  sur  les  osaem.  Jbssiks,  t.  i.  p.  54i.) 

The  distinction  between  fluviatile  and  marine 
tossH  shells  is  an  object  of  the  most  delicate  research ; 
for  it  may  happen,  since  the  remains  of  organised 
bodies  are  detached  with  difficulty  from  the  mass  of 
siliceous  limestone  in  which  they  are  contained,  that 
ampuUaria  may  be  mistaken  for  naticae,  and  pota- 
mides  for  cerithia.  In  the  concha  family,  we 
cannot  with  certainty  separate  cyclades  and  cyrena 
from  venuses  and  lucins,  but  by  an  examination 
of  the  teeth  of  the  hinge. .  The  work  undertaken 
by  M.  Ferussac,  on  land  and  fluviatile  shells,  will 
throw  great  light  on  this  important  object  Also 
when  we  think  we  perceive  a  genus  of  pelagic 
shells  in  the  midst  of  a  genus  of  fresh- water  shells, 
we  may  enquire,  whether  in  fact  the  same  general 
types  may  not  be  found  in  lakes  and  seas.  An 
example  is  already  known  of  a  true  fluviatile  myti-. 
Ills ;  perhaps  the  ampullaria  and  COTbulaa  afford 
analogous  compounds  of  marine  and  fresh-watw 
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forms.  (See  a  Memoir  of  M.  Valenciennes,  inserCeJ 
in  my  Receuil  d'Obs.  de  Zoohgie  et  ^Analome 
Comparee,  t.  ii.  p.  218.) 

From  these  general  considerations  on  zoologic 
characters,  and  the  study  of  fo^il  bodies,  it 
follows,  that  notwithstanding  the  admirable  labours 
of  Camper,  Blumenbach,  and  Sommering,  the 
exact  determination  of  species,  and  the  examination 
of  their  relations  with  beds  very  recent  and  close  ta 
the  chalk,  does  not  date  farther  back  than  twenty-five 
years.  I  believe,  that  the  study  of  fossil  organic 
bodies,  applied  to  all  the  other  secondary  and  in- 
termediate beds  by  geognosts,  who  consult  at  the 
saipe  time  the  position  and  mineral  compo^ti<ra 
of  rocks,  far  from  overthrowing  the  whole  system 
of  formations  akeady  established,  will  rather  serve 
to  support,  improve  and  complete  its  vast  series. 
The  geognostic  science  of  fOTmatiwis^  may,  no 
doubt,  be  investigated  under  very  different  pmnts 
of  view,  accOTding  as  we  give  a  preierence  to  the 
superposition  of  mineral  masses,  to  their  composi* 
tion  (that  is,  their  chemical  and  mechanical 
analysis),  or  to  the  fossils  which  ai'e  contained  in 
many  of  those  masses;  the  whole  of  these  are 
included  in  the  science.  The  denominations,  geo- 
gnosy (^position,  or  of  superposition,  oryctognosik 
geognost^  (wiuch  considers  the  texture  of  the  masses), 
and  geognosy  qfjbssils,  designate,  not  branches 
of  the  same  science,  but  various  classes  of  relations 
which  it  is  necessary  to  insulate,  in  order  to  study 
them  more  particularly.  This  unity  of  the  science, 
IS 


jbyGoogIc 


67 

and  the  vast  field  it  comprehends,  were  welt  re* 
cognised  by  Werner,  the  founder  of  positive  geo- 
gnosy. Although  he  did  not  possess  the  necessary 
means  for  attfuning  a  vigorous  determination  of  . 
fossil  species,  he  never  failed,  in  his  course  of 
lectures,  to  fix  the  attention  of  his  pupils  on  the 
relations  that  exist  between  certain  fossils  snd  ibrm- 
ations  of  different  ages.  I  witnessed  the  high 
Batisfection  which  he  felt,  when  M.  de  Schlottheim, 
one  of  the  most  distinguished  geognosts  of  the 
school  of  Freiberg,  began  in  1792  to  make  those 
relations  the  principal  object  of  his  studies. 

Positive  geognosy  has  been  enriched  by  all  the  dis- 
cover!^ that  have  been  made  on  the  mineral  consti- 
tution of  the  globe,  and  furnishes  valuable  materials 
to  another  science,  improperly  called  the  theory  of 
the  earth,  wliich  comprehends  the  first  history  of  the 
catastrophes  of  our  planet  It  reflects  more  bght  on 
that  science  than  it  receives  in  its  turn ;  and  without 
contesting  the  ancient  fluidity  or  the  aofhiess  of 
the  stony  beds,  (a  phenomenon  proved  by  the 
fossil  bodies,  by  the  crystalline  aspect  of  the  masses, 
by  tiie  rolled  pebbles,  or  the  fragments  imbedded 
in  the  transiticm  and  secondaiy  rocks,)  positive 
gec^nosy  does  not  pronounce  on  the  nature  'of 
the  liquids  in  which  it  is  said  that  the  deposits 
wra«  formed,  those  waters  ^granite,  porphfry, 
and  gypsum,  which  in  hypothetic  geology,  are 
made  to  arrive  tide  by  tide  on  the  same  pc»nt  of 
the  globe. 

In  this  essay  on  ibnnatitws,  I  have  not  indicated 
F  2 
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the  dip  of  the  strata  as  a  geognostic  character^ 
No  doubt,  the  discordance  of  two  rocks,  (Uo- 
gleichfbrraigkeit  der  Leigerung.)  that  iSi  the 
want  of  parallelism  in  their  direction,  and  dip,  is 
most  frequently  an  evident  proU*  of  the  inde- 
pendence of  the  formations  -y  no  doubt,  the  great 
inclination  of  the  coal  formation  (coal  measures)^ 
the  red  sandstone,  and  transition  rocks,  so  justly 
contrasted  in  England  by  Mr.  Buckland,  with  the 
horizontality  of  the  magnesian  limestone,  red  marl, 
lias,  and  all  the  more  modem  beds,  is  a  phenome- 
non well  worthy  of  attentitMi  j  but  in  other  regions 
of  the  earth,  on  the  continent  of  Europe,  and.  in 
equinoxial  America,  the  alpine  and  Jura  limestone 
are  also  highly  inclined;  In  comprehending  under 
tiie  same  point  of  view  a  vast  extent  of  the  globe, 
the  Alps,  the  metalliferous  mountains  of  Saxony, 
the  Apennines,  the  And^s  of  New  Grenada,  and 
the  Cordilleras  of  Mexico,  we  observe  that  the 
inclination  of  the  strata'  does  not  at  all  augment 
(as  has  been  stated  in  some  highly  esteemed  works,) 
according  to  the  age  of  the  formations.  Some- 
times, and  in  formations,  of  considerable  extent, 
there  are  bed&  almost  horizontal  among  very  ancient 
rocks:  and  &rther,  these  phenomena  have  been 
observed  rather  among  the  primitive  than  the  tnms- 
ition  rocks ;  and  in  the  former,  rather  among  gneiss 
and  stratified  granites,  than  among  clay-slates  and 
mica^slates.  It  appears  to  me,  that  in  genera], 
those  rocks  that  are  most  inclined  are  found  (if  we 
omit  the  beds  very  near  to  high  chains  of  moun- 


jbyGooglc 


tain^)  between  primitive  mica-slate  and  the  red 
sandstone.  The  hOTizontahty  of  strata  is  very 
genera],  and  strongly  m^ked  only  above  the 
dialk  in  tertiary  formations;  consequently,  in 
masses  of  comparatively  inconsiderable  thickness. 

This  is  not  the  place  to  examine  the  question, 
whether  all  indined  beds  have  been  elevated  or 
heaved  up,  as  Stenon  pretended  in  the  year  I667, 
and  which  seems  to  be  proved  by  the  local  phe- 
nomena- of  pebbles,  or  6attened  fragments,  placed 
parallel  to  the  surfaces  of  inclined  beds  in  the 
conglomerates  of  transition  (grauwacke),  and  in 
the  nageyiuhe  ;  or,  if  it  be  possible  that  attractions 
which  have  acted  at  the  same  time  on  a  great 
part  of  the  surfece  of  the  globe  have  produced  in 
our  plains  strata  origindly  inclined,  similar  to  the 
superposed  and  originally  inclined  laminae  which 
form  the  cleavage  of  a  crystal.  Certain  sandstones 
(Nebra)  exhibit  a  very  regular  parallelism  in  their 
thinnest  layers,  cutting  at  an  angle  of  20"  to  35", 
the  fissures  of  horizontal  or  inclined  strati6cation. 
Without  attempting  to  solve  these  problems,  I 
may  be  permitted  to  bring  together  some  facts  at . 
the  end  of  this  introduction,  that  are  connected 
with  the  study  of  positions.  When,  in  the  midst 
of  a  country  not  mountiunous,  or  on  table-Ia^ds 
uninterrupted  by  valleys,  where  the  rock  remains 
always  visible,  we  travel  during  eight  or  ten 
leagues  in  a  direction  which  cuts  that  of  the  beds 
at  right  angles,  and  find  those  beds  (of  transition 
clay-slate)    parallel    to    each  other,    and   almost 
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equally  inclined,  fi-om  50°  to  60°  to  the  north, 
west  for  instance,  it  is  difficult  to  form  an  idea  of  a 
raising  or  lowering  so  uniform,  and  of  the  dimen- 
sions of  the  mountain  or  the  hoUow,  which  must 
be  admitted  to  explain  this  inclination  of  the 
strata  by  a  violent  and  simultaneous  impulsion. 
In  reasoning  on  the  origin  of  inclined  beds,  we 
must  distinguish  two  very  diflerent  circumstances ; 
their  position  in  the  proximity  of  a  high  chain  of 
mountains,  which  is  crossed  by  longitudinal  or 
cross  valleys,  and  their  position  at  a  distance  from 
any  chain  of  mountains,  amidst  plains  or  table-lands 
little  elevated.  In  the  first  case,  the  effects  of 
heaving  up  appear  oilen  incontestable,  and  the 
beds  dip  generally  towards  the  chain ;  that  is,  on 
the  northern  declivity  of  the  Alps  towards  the 
south,  and  on  the  southern  declivity,  but  much  Jess 
regularly,  towards  the  north  j  (Buch,  in  Schr,  Nat, 
Focunde.,  1809,  p.  105.  109.  179-  181.}  Bernou- 
illi,  Sckweiz.  Miner,,  p.  25.)  but  at.great  distances 
from  the  chain,  it  appears  to  influence  only  the 
direction,  but  not  the  dip  of  the  beds. 

Since  the  year  1792  I  have  been  attentive  to 
this  parallelism,  or  rather  to  this  losodromism  of 
beds.  liesiding  on  mountains  of  stratified  rocks, 
where  this  phenomenon  is  constant,  examining  the 
direction  and  dip  of  primitive  and  transition  beds, 
from  the  coast  of  Genoa  across  the  chain  of  the 
Bochetta,  the  plains  of  Lombardy,  the  Alps  of  St 
Gothard,  the  table-land  of  Swabia,  the  mountains 
of  Baireuth,  and  the  plains  of  Northern  Germany, 


jbyGoogIc 


I  have  been  struck,  if  not  with  the  constancy,  at 
least  with  the  extreme  frequency  of  the  directions 
Bor.  3-^ths  of  the  compass  of  Freiberg  (from  south- 
west to  north-east).  This  enquiry,  which  I  thought 
would  lead  naturalists  to  the  discovery  of  a  great 
law  of  nature,  at  that  time  interested  me  so  much, 
that  it  became  one  of  the  principal  reasons  for 
my  voyage  to  the  equator.  AVhen  I  arrived  on 
the  coast  of  Venezuela,  and  passed  over  the  loily 
littoral  chain  and  the  mountains  of  granite-gneiss 
that  stretch  from  the  Lower  Oroonoko  to  the 
basin  of  the  Rio  Negro  and  the  Amazon,  I  re- 
cognised agaia  the  most  surprising  paralleliam  in  . 
the  direction  of  beds ;  that  direction  wafi  still  nor. 
S-4ths  (or  N.  4/^  E.),  perh^s,  because  the  littoral 
chain  of  Venezuela  is  not  far  from  the  angle  which 
the  central  chain  of  Europe  forms  with  the  meridian. 
X  announced  the  first  results  of  observations  which 
I  (nade  on  the  primitive  and  transition  rocks  of 
South  America,  in  a  Memoir  published  by  M. 
l-am^therie,  in  his  Journal  des  Pfufsiqite,  torn.  Hv. 
p.  46.  I  had  mixed  (as  is  ofren  the  case  with 
travellers,  who  publish  the  results  of  their  labours 
during  the  course  of  their  journeys,)  some  very 
precise  observations  on  the  great  uniformity  in 
the  direction  of  bed%  (at  the  Isthmus  of  Araya, 
the  Silla  of  Caracas,  at  Cambuiy  near  Fortoca- 
bdlo,  on  the  banks  of  the  Cassiquiare :  see  my 
Iteba.  Hist.,  torn.  L  p.  393.  542.  5fi4.  578.,  torn.  ii. 
p.  81.  99.  125.  141.)  with  some  general  views 
which  I  have  since   regM-ded  as  vague  and  less 
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accurate.  Four  years  of  travelling  in  the  Cordil- 
'leras  rectified  my  ideas  on  a  phenomenon  &r 
more  important  than  was  hitherto  believed  j  and  at 
my  return  to  Europe,  I  hastened  to  publish  the 
general  result  of  my  observations  in  the  Geographic 
des  Plantes,  p.  116.  j  and  in  the  JSssai  Politique  stir 
la  Nouoelle  EspagTie,  torn.  ii.  p.  520.  Those  re- 
sults remained,  no  doubt,  unknown  to  the  learned 
iauthor  of  the  Critical  Examination  of  Geologist 
p.  276.,  where  he  combated  the  assertions  pub- 
lished during  my  absence,  in  1799,  by  M.  de 
Lam^therie.  ' 

There  does  not  exist  in  either  hemisphere,  a  ge- 
neral and  absolute  uniformity  of  direction  in  the 
rocks ;  but  in  regions  of  considerable  extent,  some- 
times on  several  thousand  square  leagues,  we  per- 
ceive that  the  direction,  more  rarely  tiie  dip,  have 
been  determined  by  a  system  of  particular  forces. 
There  is  observed  at  very  great  distances,  a  paral- 
lelism  qfbeds,  a  direction  of  which  the  type  is  mani- 
fested amidst  partial  disturbances,  and  which  often 
remains  the  same  in  the  primitive  and  transitimi 
formations.  This  identity  of  direction  is  observed, 
more  frequently,  at  a  distance  from  the  very  lofty 
alpine  chains,  than  in  the  chains  themselves,  where 
the  strata  are  often  contorted  and  broken.  Very 
generally  (and  this  fact  had  already  been  remarked 
by  M.p3idSSoa,Essa$sta-laMin,desI^ren^s,17Slr 
and  by  M.  de  Saussure,  Voyages  dam  les  Alpes, 
2502,)  the  direction  of  beds  very  distant  from  the 
principal  chains  of  mountains,  follow  the  direc- 
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4lon  of  those  chains.  This  uniformity  in  the 
paralleUsm  of  beds  (from  north-eaat  to  south-west) 
■was  observed  in  a  great  part  of  North  Germany,  at 
the  Fichtelgebirge  in  Pranconia,  and  on  the  banks 
of  the  Rhine}  in  Belgium,  Ardennes,  and  the 
Vosges  -,  in  the  Cotenfin,  and  the  Tarantaise ;  in 
the  greater  part  of  the  Alps  of  Switzerland,  and  in 
Scotland.  I  shall  cite  only  the  modem  geognosts, 
who  are  much  practised  in  this  kind  of  observations, 
and  so  much  the  more  attentive  to  the  direction  and 
indination  of  the  strata,  as  the  assertions  I  had 
made  on  a  paraUelism  or  hxodromism  at  great  dis- 
tances, had  excited  warm  discussions.  "  When  we 
examine,  (says  M.  Bou^,)  with  a  compass,  the 
portion  of  min«:al  masses,  in  Scotland,  and  endea- 
vour to  stop  at  general  facts,  we  perceive  that 
the  direction  of  the  beds  is  constant,  and  corresponds 
with  that  of  the  chains  from  south-west  to  north- 
east; but  that  the  dip  varies  according  to  local 
■rarcumstances."  ( Raumer,  Gco^.  Versvche,  p.  41; 
44.  48. ;  id.,  FragmerUe,  p.  58.  64. ;  Goldiuss  and 
Bischof,  lichtelg.,  torn.  i.  p.  184.  j  Omalius  d'Hal- 
loy,  in  tiie  Journal  des  Mines,  1808,  p.  455. ;  Bro- 
chant,  Observ.  G^oL  stir  les  Terrams  de  Transitioni 
p.  14.}  Escher,  in  Alpina,  tom.  iv.  p.  337,;  Gruner, 
in  JsM,  1805,  8vo.  p.  181. ;  Bemouilli,  Schweix. 
Min.  p.  19 — 24. ;  Ehel,  Alpen,  torn,  i.  p.  ggo., 
tom.  a.  p.  201.  215.357.;  Bou6,  G^ol.  d'Ecosse, 
p.  15.)  Ilie  general  direction  of  the  strata  in  the 
Pyrenees  is,  according  to  the  excellent  observations 
of    MM.  Palasou,    Ramond,    Charpentier,    and 
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d'AubuissoD,  the  same  as  that  of  the  chain, 
N.  68",  or  from  east-north-east  to  west-north- 
west. (Ramond,  Tyr^n,  torn.  i.  p.  d7<i  torn.  ii. 
p.  3i34.  \  d* AubuissoD,  G^ologi£f  torn.  L  p.  S4iS.) 
The  same  regularity  prevails  in  the  Caucasus.  The 
primitive  and  intermediate  rocks  in  the  United 
States  of  North  America  are  directed,  according 
to  M.  Maclure,  like  the  chain  of  the  Alleghanys, 
from  north-east  to  south-west.  The  directions 
from  north  to  south,  or  north-north-east  to  south- 
south-west,  are  the  moat  frequent  in  Sweden  and  Fin- 
land. (Haussmann,  in  the  Memoires  de  P Academic 
de Munic, lSOS,Tp.i.  p.14-7.;  Bach, Lappland, tom.i. 
p.  277.  290.  J  Hisinger,  Min.  Geogr.  von  Schwe- 
den,  p.  46d.  i  Engelhardt,  Felsgebilde  Russhmds, 
p.  18.)  A  general  type  of  direction  is  ob- 
served in  the  Cordilleras  of  Mexico ;  the  beds 
that  form  the  table-land  stretch  from  south-east  (o 
north-west,  parallel  to  the  direction  of  the  chain 
c^  Anahuac,  while  the  volcanic  arts  (the  line  that 
passes  between  the  18°  59'  and  19°  12'  of  latitude 
by  the  Peak  of  Orizaba,  the  two  volcanoes  of 
Puebia,  the  Nevado  of  Toluca,  the  Peak  of  Tanci- 
tara,  and  the  volcano  of  Culima,  a  line  >)/hich  a 
at  the  same  tim^  tJie  paraUei  qf  the  greatest  ekV' 
4Jtions)  stretches  from  east  to  west,  like  a  fissure 
which  crosses  the  Mexican  isthipus  froqi  one  sea 
t»  the  other.     {Essai  FoUttqvey  two,  ii.  p.  ^3,) 

As  we  ftre  ignorant  of  the  primary  causes  9i' 
pheiKKn^na,  natural  philosophy,  of  which  geo^iosy 
will  one  day  form  one  of  the  most  interesting  parts. 
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ought  to  stop  at  the  knowledge  of  laws  j  and  in 
the  phenomena  with  which  we  are  occupied* 
those  laws  may  be  subjected  to  precise  measures* 
It  must  not  be  forgotten  that  the  lines  of  the 
direction  of  beds  {Stretehtn^sUmcd)  meet  the  me- 
ridians, when  at  great  distances  those  beds  ar^ 
for  instance,  uniformly  directed  N.  45"  £.,  like 
the  elements  of  a  loxodromic  Hne,  without  beii^ 
parallel  in  space.  The  direction  of  ancient  (pri- 
mitive and  toinsition)  beds  is  not  a  trifling  pheno- 
menon of  locality,  but,  on  the  contrary,  a  pheno- 
menon independent  of  the  direction  of  secondary 
chains,  their  branchings,  and  the  sinuosity  of  their 
valleys;  a  phenomenon  of  which  the  cause  haa 
acted,  at  immense  distances,  in  a  uniform  manner, 
for  instance,  in  the  ancirait  continent,  between  the 
isS"  and  5'7°  of  latitude  from  Scotl»id  a$  far  as 
the  confines  of  Asia.  What  is  that  apparent  in* 
fluence  of  the  high  alpine  chains  on  beds  which 
are  fiomeiunes  more  than  a  hundred  leagues  dis- 
tant ?  I  can  scarcely  believe  that  the  same  cata- 
strophe heaved  up  the  mountains,  and  bent  the 
strata  in  the  plains*  so  that  the  bent  edge  of  those 
strata,  formerly  hwirontal,  now  ail  incline  from 
50*  to  60°,  and  fbnning  the  surface  of  the  globe* 
should  be  found  at  great  depths.  Have  the  chains 
of  the  alpine  mountuns  been  heaved  up  ?  Did 
they  issue  (similar  to  that  line  of  volcanic  sum- 
mits in  the  plains  of  GoruUo)  from  fissures  formed 
paxaUel  to  the  direction  of  pre-existing  inclined 
beds? 
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In  composing  this  geognostical  work  on  the  su- 
perposition  of  fonnations,  it  was  proper  to  abstain 
from  referring  at  each  observation  to  the  source 
from  whence  it  was  drawn.  Positive  geognosy  is  a 
science  which  dates  only  from  the  end  of  the  last 
century,  and  it  is  not  easy,  I  might  add,  it  is  not 
without  danger,  that  we  attempt  the  history  of  so 
modem  a  science. 

Although  in  the '  course  of  a  laborious  life,  I 
have  had  the  pleasure  of  seeing  a  greater  extent 
of  mountains  than  any  other  geognost,  the  little 
I  observed  is  lost  in  the  great  mass  of  facts  which 
I  have  undertaken  to  display.  What  is  most  import- 
ant in  this  treatise  on  formations,  is  derived  from  the 
Combined  efforts  of  my  contemporari^.  I  wished 
to  present  to  my  readers,  in  a  concise  manner,  the 
whole  of  the  discoveries  that  have  been  made ;  and 
I  thought  I  might  add  what  is  only  probable,  to 
what  appears  to  me  completely  verified.  If  I  have 
attained  the  end  proposed,  the  distinguished  men, 
who,  in  Germany,  Francei  England,  Sweden,  and 
Italy,  have  contributed  to  enlarge  the  edifice  of 
geognostic  science,  will  recognise  in  every  page  the 
results  of  their  own  labours.  I  have  thrown  into  the 
notes  at  the  end  of  this  essay,  citations  of  facts  less 
generally  known,  and  have  only  named  in  the  work 
such  of  the  geognosts  as  have  communicated  to 
me  observations  and  views  not  yet  published.  The 
most  numerous  and  interesting  communications  of 
tlus  kind  are  those  which  I  owe,  during  Meen 
years,  to  M.  Leopold  de    Buch,   with  whom  I 
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had  die  ad\'!antage  (^  making  my  first  minera- 
If^cal  studies,  under  a  great  master,  and  whtr  on 
a  vast  extent  of  territory  (between  33°  and  71° 
<^  latitude)  has  collected  valuable  materials  for 
geognosy,  the  history  of  the  atmosphere,  and  the 
geography  of  plants;  In  the  course  o£  my  Iaboui% 
I  have  made  use  of  many  unpunished  notes  which 
this  naturalist  had  the  kindness  to  give  me  on 
the  crystalline  structure  of  the  trachytes  which  I 
brought  from  the  Cordilleras,  and  on  the  order  of 
formations  in  Switzerland,  England,  Scotland, 
Tuscany,  and  the  vicinity  of  Rome.  I  have  also 
had  the  advantage  of  consulting  him  during  hu 
visits  to  Paris,  on  what  appeared  to  me  to  he 
doubtful  in  the  position  of  formations.  All  the  oh* 
aervations  relative  to  Hungary  are  taken  from  the 
Voyage  MtTieralogigue  of  M.  Beudant^  which  wiU 
soon  be  published;  and  in  which  the  subject  of 
position  is,  for  the  most  part,  treated  in  a  su- 
perior manner.  My  countryman,  M.  Charpentier, 
director  of  the  salt-works  in  Switzerland,  kindly 
communicated  to  me  his  excellent  description  oi 
the  Pyrenees,  the  most  complete  work  which  we 
possess  on  a  great  cimn  of  mountains.  Much  of 
the  information  on  the  porphyries  of  Europe  is  taken 
from  a  sketch  that  I  wrote  in  som  e  degree  under  the 
inspection  of  M.  Werner,  when  that  celebrated  man 
came,  for  several  days^from  Carlsbad  to  Vienna,  (in 
1811,)  in  order  to  converse  with  .me  on  the  geo>- 
gpoostic  constitution.of  the. Cordilleras  of  tiie  Andes^ 
and  of  Mexico.    To  give  a  pubHc  testimony  of 
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gratitude  to  those  whose  memory  is  dear  to  us  is  a 
duty  which  it  is  gratefiil  to  fulfil.  I  have  not  reaped 
all  die  advantage  which  I  wished  from  the  important 
laboui-s  of  MM.  Maculloch,  Jameson,  Weaver, 
Berger,  and  other  members  of  the  geological  and 
Wemerian  societies  in  £ngland,  because  I  feared 
to  pronounce  on  the  identity  of  the  formations  of 
a  country  with  which  I  was  unacquainted,  north 
of  the  mountains  of  Derbyshire,  and  which  is  at 
present  explored  with  so  much  zeal  and  success. 

By  indicating  for  each  formation  the  names  of 
some  of  the  places  where  they  are  found,  (what  the 
botanists  term  the  habitats,)  I  have  in  no  wise  any 
pretension  to  extending  the  domain  of  muieralt^iod 
geography ;  I  only  endeavoured  to  give  examples 
of  position  already  well  observed.  Those  examines 
are  not  always  chosen  amidst  countries  which,  from 
the  descriptions  of  celebrated  geognosts,  are  he- 
come  in  some  sort  classical.  It  was  sometimes  pn^r 
to  name  places  in  the  other  hemisphere,  that  are 
not  found  on  any  of  our  maps.  Allemont,  Dudley, 
Cap  de  Gates,  Mansfield,  and  CEuingue,  are 
better  known  to  mineralogists  than  the  great  metal- 
liferous provinces  of  Antioquia,  Guamalies,  and 
Zacatecas.  To  facilitate  this  kind  of  research,  I 
have  often  added  between  two  parentheses,  some 
ge^raphical  notices ;  for  instance,  Quindiu  (New 
Grenada),  Tiscan  (Andes  of  Quito),  Tomependa 
(pliuns  of  the  Amazon).  With  the  indication  of 
die  places  where  certain  formations  predominate^ 
I  have  endeavoured  to  state  die  whole  order  of  su- 
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perposition  which  has  been  observed  with  some  de- 
gree of  certainty  on  very  distant  points ;  for  in- 
stance, in  the  Cordilleras  of  the  Andes>  in  Nor- 
way, Germany,  England,'  HoUand,  and  at  the 
Caucasus.  Those  descriptions  of  profiles  or  ver- 
tical sections  which  ftuTii^  the  materials  so  long 
desired  for  the  construction  of  a  geognostic  atlas, 
COTistitute,  it  may  be  said,  the  evidence  that  esta- 
blishes a  general  tabular  arrangement  of  rocks  ^ 
for  geognosy,  when  occupied  with  the  series  of 
fonnations,  is  to  mineralogical  geography,  what 
€omparative_^  hifdrography  is  to  the  topography 
€Kf  great  rivers  separately  traced.  It  is  from  the 
totiraate  knowledge  of  the  influence  exerted  by  ine- 
qualities of  the  surface,  the  melting  of  snow,  periodical 
r^ns  and  tides,  on  the  swif}:ness,  the  sinuosities^ 
the  contractions,  the  bifurcations  and  the  fonn  of  the 
mouths  of  the  Danube,  of  the  Nile,  of  the  Ganges^ 
and  (^the  Amazon,  that  we  form  a  general  theory  of 
rivers,  or  rather  a  system  qf  empirical  laws,  that  in- 
cludes all  that  is  common  and  analogous,  in  locai 
and  partial  phenomena.  (See  some  elements  of 
this  comparative  hydrc^raphy,  in  my  Relat.  Hist&r. 
torn.  ii.  p.  517—526.,  and  657—664.)  The 
geognosy  of  J'ormati(ms  also  oflfers  empirical  laws, 
wMch  have  been  abstracted  from  a  great  number 
of  particular  cases:  founded  on  mmeralogic  geo- 
graphy, it  differs  from  it  essentiaJty',  and  this 
di£^ence  between  abstraction  and  individual  ob- 
servation may,  among  geognosts  who  have  only 
seen  one  country,  become   the  cause  of  an  erro- 
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tieous  judgment  on  the  accuracy  of  a  general  tdWe 
of  fonnationa. 

The  physic^  sciences  depend  in  a  great  measure 
on  inductions,  and  the  more  complete  those  induc- 
tions become,  the  more  it  is  necessary  to  exclude 
the  local  circumstances  that  accompany  every  phe- 
nomenon  in  announcing  general  laws.  The  history 
of  geognosyjustiiiesthisassertion.  Werner,  uicreat- 
ing  geognostic  science,  has  perceived  with  an  ad- 
mirable sagacity  all  the  relations  under  which  we 
should  view  the  independence  of  the  primitive, 
transition,  and  secondary  formations.  He  has  shown- 
what  we  ought  to  observe,  — what  it  is  important 
to  know  i  he  has  prepared,  and  foreseen  in  some 
degree,  a  part  of  the  discoveries  with  whicli,  through 
him,  geognosy  has  been  enriched  in  countries 
which  he  could  not  visit.  As  formations  do  not 
follow  the  variations  of  latitude  and  climate,  and 
phenomena,  observed  perh^s  for  the  first  time 
in  the  Himalaya,  or  the  Andes,  are  found  again, 
and  often  with  an  association  of  circumstances  that 
seem  to  be  entirely  accidental,  in  Germany,  Scot- 
land, or  the  Pyrenees,  a  very  small  portion  of  the 
globe,  a  territory  of  some  square  leagues  in  which 
nature  has  assembled  many  formations,  may,  (like 
a  true  microcosm,  of  the  ancient  philosophers),  give 
rise,  in  the  mind  of  an  excellent  obswver,  to  very 
accurate  ideas  oh  the  fiindamental  truth&of  geognosy. 
In  fact,  the  &st  views,  of  Wemer»  even  those  which, 
that  illustrious/  m^m  had  formed  before  the  yieai; 
1790,po88essedajustnessthatisstillremarkable.  The 
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learned  of  every  country,  even  those  who  show  no 
predilection  for  the  school  of  Freiberg,  have  pre- 
served them  as  the  basis  of  geognostic  classifica- 
tions J  and  yet  what  was  known,  however,  in  1790, 
of  primitive,  transition,  and  secondary  formations, 
was  founded  almost  entirely  on  Thuringia,  on  the 
metalliferous  mountains  of  Saxony,  and  those  of  the 
Harz,  on  an  extent  of  country  not  75  leagues  in 
length.  The  memorable  labours  of  Dolomieu, 
and  Saussure's  descriptions  of  the  Alps,  were  con- 
sulted, but  these  could  not  ha^fe  influenced  in  a  great 
degree  the  labours  of  Werner.  Saussure  has,  no 
doubt,  given  inimitable  models  of  accuracy  in  the 
topography  of  every  summit,  and  every  valley  ;  but 
that  intrepid  traveller,  struck  with  the  complicated 
nature  of  the  phenomena  of  superposition,  and  the 
apparent  disorder  which  prevails  every  where  in  the 
interior  of  the  high  alpine  chains,  was  not  much 
induced  to  occupy  himself  with  general  ideas  on  the 
geognostic  structure  of  an  entire  region.  In  the 
first  period  of  the  science,  the  type  qffortnations  was 
founded  on  a  small  number  of  observations,  and 
resembled  too  much  the  description  of  the  places 
where  it  originated.  The  mineral  masses  which 
in  other  countries  are  but  subordinate  or  acci- 
dental beds,  were  mistaken  for  independent  form- 
ations; the  existence  of  those  formations  that  are  im- 
portant in  equatorial  America,  and  in  the  north 
and  west  of  Europe,  was  unknown ;  the  relative 
antiquity  of  porphyries,  syenites,  and  euphotides, 
was  misunderstood  j  the  history  of  the  more  recent 
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Iteds  was  not  completed  by  a  ligorous  determi- 
nation of  the  ofgaiiised  fossil  bodies  which  they 
contain ;  the  position  of  basalts,  phonolites  (por- 
phyr-schiefef),  and  dolerites,  which  had  been  long 
con:founded  with  trap-greenstone,  was  studied 
with  great  precision,  but  even  the  possibility  of 
their  igneous  origin  was  denied ;  because,  in  the 
country  where  modern  geognosy  had  its  birth,  the 
observer  was  surrounded  only  by  'some  remains  of 
volcanic  formations,  and  could  not  examine  the 
relations  that  exist  between  the  trachytes  (trap- 
porphyr),  the  basalts,  the  more  modem  lavas, 
scoriffi,  and  pumice.  If  Werner's  list  of  form- 
ations, notwithstanding  the  books  which  he  con- 
sidted,  and  the  surprising  sagacity  with  which  he 
discerned  the  truth  in  the  frequently  confiised  nar- 
ratives of  travellers,  still  remained  incomplete,  he 
felt  no  regret  in  seeing  his  labours  improved  by 
other  hands.  He  was  the  6rst  who  taught  the  art  of 
observing  and  distinguishing  the  formations ;  and 
it  is  by  the  further  appHcation  of  that  art  that  geo< 
gnosy  has  become  a  positive  science.  Conscious 
that  his  real  glory  was  rather  founded  on  the  dis- 
covery of  the  principles  of  the  science,  and  on  the 
means  of  research,  rather  dian  on  the  results  ob- 
tained at  a  particular  epoch.  Werner  showed  no  less 
regard  for  such  of  his  pupils  as  difiered  from  him 
on  the  subject  of  the  relative  age,  and  the  origin 
of  some  of  the  formations.  It  is  only  in  extending 
our  observation  to  a  greater  part  of  the  globe, 
that  the  type  of  formations  can  be  enlarged  and 
17 
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simpliiied.  It  has  thus  been  made  to  correspond 
better  with  the  geognostic  constitution  of  conti- 
nents considered  in  a  general  point  of  view. 

We  now  know,  witli  considerable  accuracy,  the 
relative  position  of  many  formations.  I'.  In  the 
ancient  continent :  in  Great  Britain,  in  the  north 
of  France,  Belgium,  Norway,  Sweden,  and  Fin- 
land; in  Germany,  Hungiuy,  Switzerland ;  in  the 
Pyrenees,  Lorabardy,  Tuscany,  and  the  vicinity 
of  Rome;  in  the  Crimea  and  Caucasus ;  (lat  4S" 
— 71°  nor.  J  long.  40"  or. — 12°  oc.)-  2°.  In  the 
new  continent :  in  the  United  States  of  America, 
between  Virginia  and  the  Lake  Ontario,  (lat.  36" 
— 43"  nor. ;  long.  oc.  78° — 86");  at  Mexico,  be- 
tween Veracruz,  Acapulco,  and  Guanaxuato,  (lat 
IC"  50'— 21"  1'  nor. ;  long.  oc.  98"  2f)'— 103"  S2') ; 
in  the  island  of  Cuba  (lat  23"  iK  nor.) ;  in  the 
United  Provinces  of  Venezuela,  between  the  coast 
of  Paria,  Portocabello,  the  Upper  Oroonoko, 
and  San  Carlos  del  Rio  Negro ;  in  the  Andes  of 
New  Grenada,  Popayan,  Pasto,  Quito,  and  Peru ; 
in  the  valley  of  the  river  of  the  Amazons,  and  on 
the  coast  of  the  South  Sea,  (lat  10°  27' nor. — 12°  2' 
austr.;  long.  oc.  66"  15' — 82°  16');  at  Brazil,  be- 
tween Rio  Janeiro  and  the  western  limit  of  the 
province  Minas  Geraes  (lat,  18"  23'  austr.;  long, 
oc  45° — 49°).  In  proportion  as  we  ascend  to  more 
general  ideas,  the  table  of  formations,  in  becoming 
more  extensive,  and  (we  venture  to  believe)  more 
exact,  is  less  satisfactory  to  those  who  expect  to 
find  in  it  a  stronger  expression  of  the  individual  fea- 
G  2 
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tures,  and  -the  local  physiognomy  of  their  canton. 
But  those  individual  features,  that  local  physi- 
-c^omy,  -cannot  be  preserved  Uiere  but  as  simple 
variations  at'  a  general  type;  as  particular  modi- 
ikations  of  the  great  laws  of  geognosttc  position. 
However  -incomplete  may  yet  be  the  knowledge 
of  those  laws,  a.greatstep  is  already  made  in  these 
researches  by  having  acquired,  from  the  united 
labours  of  our  contemporaries,  the  certainty  that 
constant  and  immutable  laws  do  exist  amidst  the 
conilict  of  local  perturbations. 
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PRIMITIVE  FORMATIONS. 


The  most  ancient  formations  of  primitive  rocks 
that  have  come  uwler  our  observation,  are,  in  some 
regions  of  the  globe,  granite  (a  formation  in  which 
granite  alternates  with  no  otJier  rock);  and  in  other 
regions,  gneiss-granite  (a  granitic  formation,  in 
which  beds  of  granite  alternate  with  beds  of  gneiss). 
It  would  be  difficult  to  niention  k  granite  that  geo- 
gnostsunanimously  consider  as  anteriortoevery  other 
rock;  but  this  uncertainty  belongs  to  the  nature  of 
the  subject,  and  to  the  idea  that  we  form  of  the  rela- 
tive age  and  the  superposition  of  rocks.  We  may  as- 
sure ourselves  by  observation,  that  the  granite  of  St. 
Gothard  reposes  on  mica-slate,  and  that  tliat  rfKiel- 
wig  in  Norway  rests  on  clay-slate.  But  how  can  we. 
demonstrate  a  negative  fact?  How  can  we  prove 
that  beneath  a  granite,  which  is  said  to  be  of  the 
first  formation,  gneiss,  or  some  other  primitive 
rock,  may  not  be  ag^n  found  ?  In  tracing  a  sketch 
of  the  knowledge  we  have  acquired  of  the  super- 
position of  rocks,  we  ought  to  abstain  from  pro- 
nouncing with  confidence  on  the  first  stage  of  the 
geognostic  edifice.  Thus  (for  it  is  with  time  as 
with  space),  through  the  long  continued  migra- 
tions of  tribes,  the  historian  is  unable  to  ascertain 
with  certainty,  who  were  the  first  inhabitjmts  of  a 
country. 

G  3 
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I.   PRIMITIVE    GRANITE. 

S  1.  Granite  that  does  not  alternate  with  gneiss. 
Many  doubts  not  ill  founded  having  lately  been- 
raised  with  respect  to  the  antiquity  of  many  form- 
ations of  granite,  this  first  of  primitive  rocks  can 
only  be  designated  by  negative  characters.  It  ap- 
pears to  me,  that  in  both  hemispheres,  particularly 
in  the  new  world,  granite  is  most  ancient,  when 
it  is  not  stratified,  is  richer  in  quartz,  and  less 
abundant  in  mica.  In  lofly  chains  of  moun- 
tains (in  the  Alps  of  Switzerland  and  the  Cor- 
dilleras of  the  Andes,  between  Loxa  and  Zaulaca,) 
granite,  by  the  abundance  and  uniibrm  direction 
of  the  scales  of  mica,  has  a  tendency  to  become 
lamellar ;  while  the  granites  that  pierce  through 
the  vegetable  soil  in  the  pl^uns  generally  exhibit, 
by  their  more  uniformly  granular  texture,  a  more 
striking  contrast  with  gneiss.  The  coarseness  of 
the  grain,  the  regularity  in  the  crystallisation  of  the 
constituent  parts,  and  the  red  or  white  colour 
of  the  feldspar,  are  phenomena  well  worthy  of  at- 
tention, if  we  consider  the  great  masses  of  a  rock, 
and  omit  the  subordinate  beds  of  small-grained 
granite  that  are  found  amidst  coarse-grained  gra- 
nite,  and  tdce  versa.  These  phenomena  may  mark 
the  relative  age  of  a  formation  in  a  circumscribed 
extent  of  country  j  but  general  characters  ap- 
plicable to  an  entire  continent  cannot  be  deduced 
in  this  manner.  In  the  Cordilleras,  the  small- 
grained  granite,   with  white  and  yellowisli-white 
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feldspar,  appeared  to-  me  the  most  ancietiL  The 
absence,  I  do  not  say  of  tourmaline  and  of  rutile, 
but  of  disseminated  hornblende,  steatite,  garnets, 
epidote,  actinolite,  tin,  and  specular  iron,  rq>lacing 
mica  (Gottesgabe  in  the  Upper  Palatinate);  the 
wantofsubordinate  heterogeneous  beds  (greenstone, 
granular  hmestone)  and  nodules  with  very  small 
grains  and  highly  micaceous,  which  are  trf"  con- 
temporaneous formation,  and  seem  imbedded  in  the 
principal  mass ;  finally,  the  want  of  stratification  in 
the  lower  beds,  and  a  more  porphyroid  structure, 
appear  to  ■characterise  the  granites  of  the  first 
fwTnation,  (western  coast  of  equinoxial  America, 
Cascas,  Santa,  and  Guarmay  in  Lower  Peru ;  the 
banks  of  Cumbeima,  Ibagn^,  Quilichao,  and  Caloto 
in  the  Andes  of  New  Grenada).  The  granites  of 
Oie  cataracts  of  the  Oroonoko,  and  the  mountains  of 
Farima,  contain,  like  those  of  the  Pyrenees  and 
Upper  Egypt,  some  beds  in  which  insulated  crystals 
of  hornblende  are  found ;  these  rocks  probably 
belong  to  a  more  recent  epoch  than  the  granite  of 
Lower  Peru.  Although  the  most  ancient  granites, 
in  general,  have  no  subordinate  beds  of  primi- 
tive limestone,  calcareous  matter  begins  to  appear 
in  the  primitive  mountains  (I  dare  not  say  at  the 
first  period  of  the  world)  in  feldspar,  and  perhaps, 
in  the  tourmalines.  This  quantity  of  lime  after- 
wards augments  by  the  addition  of  hornblende  in 
the  syenitic  beds  which  characterise  the  most 
modern  granites. 
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PRIMITIVE   GRANITE   AND    GNEISS. 

§  2.  In  this  fonnation,  so  well  characterised  by 
M.  Raumer,  very  distinct  beds  of  granite  and  gneiss 
occur  nearly  contemporary,  and  alternating  with 
one  another.  It  sometimes  reposes  (Reisengebirge) 
immediately  on  the  preceding  formation,  at  other 
times  (south-east  of  Riobamba,  in  the  kingdom  of 
Quito,)it  is  the  mostancient  of  the  visible  rocks.  This 
periodical  return  of  heterogeneous  beds,  is  found 
particularly  in  transition  formations  ;  for  instance, 
in  those  of  porphyry  and  syenite,  and  syenite  and 
greenstone.  We  should  distinguish  from  the  form- 
ation of  granite  and  gneiss,  the  granites  of  the 
shore  of  Venezuela,  the  beds  of  which  pass  often 
and  insensibly  to  gneiss,  and  gneiss  which  passes 
to  granite  (southern  declivity  of  the  Jungfrau  and 
the  Titlis).  The  beds  subordinate  to  granite  and 
gneiss  are  mica-slate  containing  granular .  lime- 
stone, hornblende,  chlorite-slate,  and  whitestone 
(weistein). 

STANNIFEROUS   GRANITE. 

§  3.  In  this  rock  the  constituent  parts  are  gene- 
rally very  much  disintegrated,  the  feldspar  passing 
to  kaolin  (Carlsbad,  on  the  road  from  Eibenstock  to 
Johann-Georgenstadt ;  and  probably  also,  accord- 
ing to  M.  Bonnard,  the  granites  of  the  depart- 
ment of  Haute- Vienne).  It  will,  perhaps,  be 
hereafter  discovered  that  several  of  those  stan- 
niferous rocks  are  of  a  date  still  more  recent,  and 
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that  they  must  be  placed  among  granites  posterior 
to  gneiss,  and  anterior  to  micarslate.  It  would  ap- 
pear that  new  characters  have  been  found  in  the  gra- 
nites of  the  Fichtelgebirge,  in  Franconia,  which  are 
not  only  very  regularly  stratified,  but  also  contain 
beds  of  greenstone  (primitive  diabase  paterlestein). 
I  am  not  acquainted  with  the  alpine  formation  of 
stanniferous  granite  in  the  Andes ;  the  granite  that 
constitutes  the  summits  of  the  Cordilleras  is  al< 
most  always  covered  by  transition  porphyry  and 
trachyte. 

WHITESTONE   (WEISTEIN,      EURITE)     WITH   SEK- 
PENTINE. 

§  4.  Whitestone  (eurite),  in  which  compact  feld- 
spar predominates,  (north-east  part  of  Erzgebirge,) 
rests  on  ancient  granite.  It  is  covered  by  gneiss, 
and  sometimes  by  mica-slate  (Hartha),  or  by 
a  primitive  slate  into  which  (Hemisdorf,  Dobeln) 
whitestone  appears  to  pass  insensibly.  Subordi- 
nate beds :.  granite,  sometimes  with  very  large 
grains  (Fenig) ;  sometimes  fine-grained  passing 
to  whitestone,  and  containing  lepidolite  and  la- 
mellar parenthine ;  serpentine  (Waldheim).  White- 
stone, in  which  garnets  and  syenite  are  some- 
times imbedded,  is,  in  Saxony,  according  to  the 
observations  of  MM.  Pusch,  Raumer,  and  Mobs, 
an  independent  formation  anterior  to  gneiss,  and 
not  a  subordinate  bed;  in  Silesia,  (Engelsberg, 
near  Zobten  Weiseritz,  near  Schweidnitz),  it  only 
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forms  beds  in  primitive  granite  and  gneiss.  There 
is  nothing  in  this  phenomenon  that  should  astonish 
tiie  geognost  Mica-slate,  gneiss,  and  porphyry. 
are  found  both  as  independent  rocks  and  as  sidi- 
ordinate  beds.  The  serpentine  of  Buenavista,  in 
the  mountains  of  Higuerote,  west  of  the  Cara- 
cas, belongs  properly  to  talcose  gn^s ;  but  it 
appears,  that  in  the  same  group  of  mountaiAS 
there  is  also  serpentine  joined  to  a  whitestone, 
which  is  superposed  on  the  formation  of  granite  and 
gneiss.  The  serpentine  of  whitestone  is  the  most 
ancient  of  the  very  small-grained  euphotide  rocks, 
which,  it  may  be  said,  pass  through  all  the  follow- 
ing formations,  as  far  as  the  upper  limit  of  the 
transition  series. 


H.   PRIMITIVE    GNEISS. 

§  5.  We  distinguish  this  formation  of  gneiss(Frei> 
berg;  Lyons,  table-land  between  Autun  and  the 
mountain  of  Aussi ;  Amsberg,  in  the  Kiesenge- 
bii^  J  Lodingen,  in  Norway ;  the  Grampians,  in 
Scotland ;)  which  contains  subordinate  ^eds  of 
mica-slate,  &(Hn  a  no  less  important  formation  of 
gneiss  and  mica-slate,  in  whidi  the  beds  of  gneiss 
alternate  with  beds  of  mica-slate.  Gneiss,  ac- 
cording to  MM.  de  Buch  and  Haussmann,  is  the 
prevailing  rock  in  ScMidinavia,  where  the  an- 
cient granite  (anterior  to  gneiss)  is  scarcely  any 
where  visible.  The  subordinate  beds  of  gneiss  a« 
much  varied  and  numerous ;  they   are,  however. 
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much  ]es3  so  when  the  gneiss  does  not  pass  to 
mica-slate.  We  shall  here  enumerate  only  the  most 
remarkable  beds :  quartz,  often  containing  garnets ; 
feldspar  more  or  less  decomposed,  and  without 
potash ;  porphyry,  generally  reddish;  with  a  petro- 
siliceous  base,  containing  feldspar,  quaitz,'  and  mica, 
(lager-porphyr  of  Halsbriicke,  Ober-Frauendorf, 
and  Liebstadt) ;  granular  limestone  but  rarely, 
(road  of  the  Simplon,  mine  of  Kurprinz,  near 
Freiberg) ;  common  garnet,  mixed  with  granular 
limestone,  blende,  and  oxidulated  iron,  (Schwar- 
zenberg)  j  mica-slate,  (Bergen,  in  Norway)  ;  sye- 
nite, (Burkersdorf,  in  Silesia) ;  granite,  with  de- 
composed feldspar,  but  not  stanniferous;  serpen- 
tine (ophiolite),  forming,  according  to  M.  Cordier, 
a  bed  of  immense  extent,  in  the  departments  of 
Haute- Vienne,  Lot,  and  Aveyron;  slaty  amphi- 
bolite  or  hornblende-slate ;  greenstone  mixed  with 
magnetic  iron,  (Taberg,  near  JonkSping)  ;  zircon, 
zo'isite,  and  menachanite,  (Priockterhalt,  in  Carin- 
thia) ;  magnetic  iron,  in  beds  from  twen^  to  thirty 
toises  thick,  often  mixed  with  granular  limestone, 
ichthyophthalmite,  spodumene,  tremolite,  amian- 
thus, actinolite,  and  bitumen,  (Danemora,  GeUivara, 
aad  Kinsivara,  Sweden  and  Lapland) ;  pegmatite, 
(Loch-Laggan,  in  Scotland);  gneiss,  containing 
angular  masses  of  gneiss  of  a  di^rent  texture 
irom  that  of  the  principal  rock,  (Rostenberg,  in 
Norway).  This  latter  phenomenon  (the  effect  of 
a  contemporary  crystallisation  ?)  is  much  more  ana- 
logous to  the  granite  of  Greiffensteio,  in  Saxony,  and 
of  the  Pic  Quairat,  in  tiie  Pyrenees,  than  to  the 
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transition  gneiss,  containing  the  pudding-stones  of 
Vdorsine.  The  great  formation  of  primitive  gneiss, 
rich  in  the  oresof  silver  and  gold,  in  Germany,  some 
parts  of  France,  Greece,  and  Asia  Minor,  has  been 
long  considered  as  the  most  argentiferous  rock  of 
the  globe."  We  now  know,  from  researches  made 
in  both  Americas,  and  in  Hungary,  that  the  great 
mass  of  precious  metals  which  circulate  in  the 
two  continents  has  been  procured  from  formations 
much  later  than  gneiss,  and  every  other  primitive 
formation,  that  they  come  from  transition  rocks, 
syenitic  porphyries,  and  even  trachytes.  Gneiss, 
little  metalliferous  in  the  equinoxial  part  of  the 
new  world,  occurs  on  a  greater  extent  of  countiy 
in  the ,  mountains  that  run  from  east  to  west, 
(chain  of  the  shore  of  Caracas,  cape  Codera,  and 
the  isles  of  the  lake  of  Tacarigua ;  Oroonoko, 
Sierra  of  Parime;)  and  in  the  low  regions  distant 
from  the  chain  of  the  Andes  (east  of  the  moun- 
t£uns  of  Brazil),  than  in  the  elevated  crest  of  the 
chain  itself.  I  saw  no  gneiss  (at  the  Silla  of  Caracas, 
and  at  the  passage  of  the  Andes  of  Quindiu)  higher 
than  from  1300  to  1400  toises  above  the  levd  of 
the  ocean.  On  the  crest  of  the  Cordilleras,  between 
Ibague  and  Carthago  (New  Grenada  or  Cundin- 
amanca)  as  well  as  at  the  Paramo  of  Chulucanas, 
in  descending  towards  the  Amazon,  a  granite  of 
-  new  formation  covers  the  gneiss  at  1800  toises  high. 
If  gneiss,  micarslate,  and  a  granite  of  second  form- 
ation, constitute  the  most  lofty  summits  in  die 
mountains  of  Europe ;  the  most  elevated  summits 
of  the  Andes,  on  the  contrary, ,  exhibit  only  :im- 
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rqense  accumulations  of  trachyttc  rocks.  In  fol- 
lowing the  same  chain,  the  same  line  of  mountains, 
we  find  the  low  re^ons  of  granite-gneiss,  and  gneiss- 
mica-slate  (province  of  Oaxaca  in  New  Spain, 
where  gneiss  is  auriferous;  primitive  groups  of 
Quiadiu,  Almaguer,  Guamote,  at  the  south  of  the 
Chimborazo;  Sargura  and  Loxa,  in  the  Andes 
of  Peru  ;)  alternating  with  the  elevated  regions  of 
trachytes  (1000  to  3300  toises).  These  latter  forni- 
ations,  produced  or  modified  by  fire,  undoubtedly 
cover  granite  and  gneiss,  and  that  sometimes  imme- 
diately without  the  porphyritic  formations  of  transi- 
tion being  interposed.  However,  where  I  could  see 
the  trachytes  of  the  kingdom  of  Quito  (volcano  of 
Tunguragua,  ravine  of  Rio  Puela,  near  Penipe,) 
reposing  on  a  greenish  micaceous  slate  filled  with 
garnets,  and  covering  in  their  turn  a  granite, 
radier  syenilic,  with  quartz  and  mica  (black  P),  this 
superposition  takes  place  only  at  the  inconsiderable 
he^ht  of  1240  toises.  It  results  in  general  from 
my  barometric  levelling  of  the  Cordilleras,  that 
in  ail  that  region  of  the  tropics,  ancient  granite 
and  gneiss  (which  must  not  be  confounded  with 
syenitic  and  granitic  transition  rocks)  scarcely  rise 
above  the  height  of  the  summit  of  the  Pyrenees. 
All  the  superposed  masses  of  primitive  rocks,  which 
pass  the  limit  of  perpetual  snow  (2300 — 2460 
toises),  and  which  give  the  Cordilleras  their  cha- 
racter of  grandeur  and  majesty,  are  not  owing  in 
general,  either  to  primitive  formations,  or  calca- 
reous rocks,  (it  is  only  the  alpine  limestone  of 
the  table-lands  of  Gualgayoc  and  Guancavelica, 
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which  occurs  at  2100  and  2500  toises,)  but  to  tra- 
chyte-porphyries, dolerites,  and  phonolites.  (We 
do  not  yet  know  of  what  rocks  the  summita  of  the 
Hunalaya,  those  peaks  which  have  been  recently 
measured  by  Mr.  Webb,  are  composed.)  The  gneiss 
of  the  Cordilleras  abounds  much  more  than  the  mica- 
slate  in  subordinate  beds  of  granular  limestone  (mica- 
ceous and  filled  with  pyrites).  In  equinoxial  Ame- 
rica, therefore,  as  at  the  most  northern  extremity  of 
Europe,  and  in  the  Pyrenees,  garnet  is  most  fre- 
quent in  gneiss,  and  this  latter  rock  only  ceases  in 
general  to  contain  garnets  where  it  passes  to  mica- 
slate  (mountain  of  AvUa,  near  Caracas).  A  true 
gneiss,  without  garnets,  occurs,  however,  at  the  west 
of  Mariquita,  between  Rio  Quamo  and  the  mines 
of  Sana  (New  Grenada),  In  Brazil,  according  to 
the  observations  of  M.  d'Eschwege,  tin  (zinnstein) 
is  disseminated,  not  in  granite,  but  in  gneiss  (banks 
of  Rio  Paraopeba,  near  the  ViDa-Ricca). 

Between  iJie  two  great  formations  of  primitive 
gneis  and  mica-slate,  we  shall  place  several  pa- 
rallel formations : — 

GNEISS  AND  MICA-SLATE  J  PEIMITIVE  SYENITE  ? 

GRANITE    POSTERIOR    TO  PRIMITIVE  SERPENTINE  ? 

GNEISS,  AND  ANTERIOR  GRANULAR  LIMESTONE. 

TO  MICA-SLATE. 


Two  of  those  formations  are  perhaps  no  less 
doubtful  than  primitive  porphyry,  considered  as 
an  independent  formation. 
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GNEISS  AND  MICA-SLATE. 

§  6.  Beds  of  gneiss  alternate  with  beds  of  mica- 
slate,  in  the  same  manner  as  gneiss,  in  the  form- 
ation (§  9.),  alternates  with  granite.  They  are  not 
rocks  that  pass  into  each  other,  but  alternating 
beds  very  distinct,  (Neisbach  and  Janersberg  in 
Silesia;  Weltersdorf  near  Schisberberg,  in  Saxony). 
In  the  Cordilleras  of  America,  and  perhaps  for  the 
most  part  in  the  great  chains  of  mountains  of  the 
ancient  continent,  (as  the  iUustriolis  Dolomieu  made 
me  observe  iii  Switzerland,  in  the  year  1795,)  the 
wifcred  formations  andperiodicai  altemaiions  of  gneiss 
and  granite,  and  of  gneiss  and  mica-slate,  are  much 
more  frequent  than  the  simple  formations  of  granite, 
gneiss,  and  mica-slate.  The  independent  form- 
ation of  gneiss-mica-slate  reposes,  sometimes,  on  the 
formation  of  gneiss  (§  5.),  sometimes  immediately 
on  the  most  ancient  granite  (§  1.).  In  the  latter 
case,  it  should  be  considered  as  a  parallel  formation 
to  gneiss. 

Subordinate  beds :  granular  limestone,  horn- 
blende-slate, greenstone,  serpentine,  and  clay-slate 
-with  actinolite.  These  subordinate  beds  are  several 
times  repeated;  for  in  all  the  formations  of  ^jer/- 
odical  dUemoHony  either  primitive  or  transition, 
(granite  and  gneiss,  gneiss  and  mica-slate,  syenite 
and  greenstone,  porphyry  and  syenite,  porphyry 
and  grauwacke,  black  limestone  and  transition 
schist,)  the  periodical  return  of  masses,  extends 
even  to  the  subordinate  beds.  This  great  geo- 
logical law  manifests  itself  in  the  whole  Cordilleras 
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of  the  Andes,  particularly,  in  the  mountains  situated 
at  the  south  and  south-east  of  the  volcano  of  Tun- 
guragua,  at  Condorasto,  and  at  Paramo  del  I^a- 
tilla,  where  (what  is  very  rare  in  that  region) 
gneiss-mica-slate  rises  to  more  than  SOOO  toises, 
and  contains  veins  of  silver  formerly  celebrated 
(weisgultigerz,  and  sprodgluserz,  white  silver,  and 
brittle  silver  ore).  These  metalliferous  gneiss- 
mica-slates  of  Condorasto  and  Pomallacta,  are 
hid  towards  the  south  beneath  the  formations 
of  a  trachytic  porphyry  of  the  Andes  of  Assuay ; 
they  re-appear  (at  1700  toises  high)  between  the 
ruins  of  the  palace  of  the  Inca  (Ingapilca)  and 
the  farm  of  Turche,  and  are  again  concealed 
beneath  the  sandstone  of  Cuenca,  The  forests  of  , 
Quinquina,  west  of  Loxa,  cover  also  those  moun-^ 
tains  of  gneiss,  alternating  with  mica-slate.  In  tlie 
passage  of  the  Andes  of  Quindiu,  between  the 
basins  of  the  Rio  Cauca  and  Rio  Magdalena, 
the  formation  of  gneiss-mica-slate  reposes  (above 
the  station  of  the  Palrailla,)  immediately  on  an- 
cient granite.  It  attains  an  enormous  thickness, 
in  rising  towai*ds  the  Paramo  of  San-Juan.  The 
beds  of  mica-slate  alternating  with  gneiss  are 
here  always  destitute  of  garnets ;  they  are  tra- 
versed at  the  Valle  del  Moral  (at  1065  toises 
high)  by  veins  filled  with  sulphur,  exhaling  sul- 
phureous vapours,  the  temperature  of  which  rises 
to  48°  cent.,  the  atmospheric  air  being  at  20°.. 
This  phenomenon  is  the  more  remarkable  as  at 
the  south  of  the  equator,  in  the  celebrated  motm- 
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lean  qf- sulphur  of  Tiscan,  I  found  sulphur  in 
quartz,  as  a  subordinate  bed  in  primitive  mica- 
slate.  The  gneiss  of  Quindiu  contains  dissemi- 
nated garnets  and  beds  of  decomposed  kaoUn. 
In  the  littoral  chain  of  the  Caracas,  between 
Turiamo  and  Villa  de  Cura,  the  granite-gneiss  and 
gneiss-mica-slate  formations  occupy,  in  a  direction 
perpendicular  to  the  axis  of  the  chain,  a  space  of 
ten  leagues  broad ;  the  gneiss-mica-slate  is  con- 
ceEded,  towards  the. Llanos  of  Venezuela,  beneath 
green  schists  of  transition.  Near  Guayra,  at  Cape 
Blanc,  thU  formation  contains  subordinate  beds  of 
chlorite-slate  (with  garnets  and  magnetic  sand),  and 
hornblende-slate  and  greenstone,  mixed  with  quartz 
and  pyrites.  On  the  coast  of  Brazil,  where  several 
primitive  chains  run  parallel  with  the  Andes  of 
Peru  and  Chili,  in  the  direction  of  a  meridian, 
beds  of  granite,  gneiss,  and  mica-slate,  constitute 
a  single  formation,  and  alternate  in  a  periodical 
series,  (Ilha  Grande  at  the  south  of  Rio-Janeiro, 
near.  Villa  d'Angro  dos  Reis,  according  to  M. 
Eschwege).  .The  three  rocks  are  there  contem- 
porary,  like  the  syenites,  which  alternate  periodi- 
cally, either  with  clay-slate,  or  transition  green- 
stone. 

GRANITE  POSTERIOR    TO  -GNEISS,    AND   ANTERIOR   TO 
MICA-SLATE. 

I  here  unite  several  formations  of  granite  nearly 
parallel,  placed  between  gneiss  and  mica-slate,  such 
as    stanniferous   granite    (hyalomicte   graisen)  of 
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Zinnwald  and  Altenberg  in  Sf^ony,  which  ap- 
pears to  repose  on  gneiss,  and  abounds  in  black 
tourmalines ;  the  greater  part  of  the  pegmatites  or 
graphic-granites  (schriftgranite),  which  contains 
lepidolite,  (fiosena,  in  Moravia) ;  granites  with 
epidote  j  granites  with  subordinate  beds  of  white- 
.  stone,  or  eurite,  (Reichenstein,  in  Silesia);  granites 
with  steatite  and  chlorite,  often  containing  dissemi- 
nated hornblende,  and  assuming  the  aspect  of  a 
syenite,  or  a  chlorite-slate  (protogine  of  Mont  Blanc, 
and  of  almost  the  whole  chain  of  the  Alps,  between 
Mont  Cenis  and  St.  Gothard ;  probably  also  the  rock 
of  Rehberg  in  the  Harz)j  the  granites  of  the  Pyre- 
nees, so  well  studied  by  M.  Charpentier,  and  con- 
taining numerous  beds  of  gneiss,  mica-slate,  and 
granular  limestone.  The  granites  of  Altenberg, 
perhaps,  belong  (such  is  the  opinion  of  M.  Beudant) 
to  the  lower  beds  of  transition  porphyry ;  perhaps 
the  granites  of  the  Pyrenees,  which  enclose  maases 
of  greenstone  (primitive  diabase),  are  even  poste- 
rior to  the  great  formation  of  mica-slate  (§  11.), 
as  also  the  stanniferous  granites  of  the.Fichtelbeig, 
which  contain  greenstone,  (Ochenkopf,  Sdinee- 
berg,  in  Franconia),  and  which  we  have  indicated 
provisionally  at  §  3.  I  have  the  same  doubt  re- 
specting many  granites  that  abound  in  argentife- 
rous veins ;  particularly  the  granites  with  garnets, 
and  the  porphyroid  granites  (with  very  large  cry*, 
tals  of  red  and  white  feldspar),  which  are  often 
stratified  With  as  much  regularity  as  secondary 
limestone.    I  would  not  have  noticed  4he  masses  of 
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tin  of  Geyer  and  Schlackenwald,  because  the 
granites  in  which  they  are  contmned  are  only  beds 
in  gneiM  and  mica-slate  ;  they  are  not  true  rocks, 
and  independent  formations,  like  the  granites  of 
Carlsbad  of  the  Fichtelgebirge.  In  equinoxial 
America  we  may,  with  some  probabUity,  connect 
with  the  formation  of  gr^te  posterior  to  gneiss 
and  anterior  to  mica-slate,  the  granites  of  the 
western  declivity  of  the  Cordilleras  of  Mexico, 
(t^le  land  of  Papagallo  and  Moxonera,^  which 
are  of  a  porphyroid  structure,  or  divided  into 
b^s,  with  concentric  layers.  Tliey  enclose  aye- 
nitic  beds,  connected  with  veins  of  bassanite  (com- 
pact urgrunstein).  I  have  seen  them  regularly  stra- 
tified in  beds,  seven  or  eight  inches  thick,  and 
having,  not  the  same  inclination,  but  the  same  di- 
rection with  the  strata  of  transition  porphyry  and 
superposed  alpine  limestone.  We  do  not  know,  in- 
deed, the  .rocks  that  cover  this  Mexican  formation 
of  granite,  on  which,  however,  all  the  other  rocks 
of  Mexico  are  placed;  but  the  great  characters  of 
composition  and  structure  which  it  exhibits,  and 
its  analogy  with  other  stratified  granites  of  the 
high  Andes  of  Peru,  lead  me  to  believe  that  it 
is  of  a  more  recent  date  than  the  formation  §  1, 
To  the  granite  anterior  to  mica-slate,  but  posterioir 
to  gneiss,  belong  more  certainly  that  of  the  Garita 
del  Paramo,  at  the  foot  of  the  extinguished  volcano 
of  Tolimo  (Andes  of  Quindiu) ;  that  of  Silla  d? 
Caracas ;  liie  granites,  very  regularly  stratified 
(without  passing  to  gneiss),  of  Los  Trincheras,  in 
H  a 
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the  littoral  chain  of  Venezuela-,  the  granites  of 
the  extended  group  of  the  mountains  of  Parime, 
which  are  either  regularly  stratified,  (strait  of  Ba- 
raguan,  valley  of  "the  Lower  Oroonoko),  or  pass 
to  pegmatite,  (Esmeralda  and  the  confluence  of 
the  Uramu,  Upper  Oroonoko),  or  hornblende  rocks 
(amphibolites),  (cataracts  of  Atures).  In  this  vast 
granitiferous  group  of  Sierra  Parime,  which  -sepa- 
rates the  basin  of  the  Oroonoko  from  that  of  the 
Amazon,  some  -phenomena  are  observed,  which 
are  also  -seen  in  Finland  and  Norway.  No  other 
mineral  mass  appears  than  the  granite  rock.  In 
going  round  the  Sierra  Parime,  at  the  north,  the 
west,  and  the  south,  I  observed,  with  the  exception 
of  some  small  masses  of  sandstone,  a  total  absence 
of  secondary  formations  even  of  rocks  posterior  to 
a  granite  of  newer  formation.  This  granite,  and 
the  gneiss  that  supports  it,  form  (where  little 
plains  separate  the  mountains  from  each  other, 
aniidst  forests  of  vigorous  vegetation)  beds  of  bare 
rock,  destitute  of  soil,  of  more  than  250,000  square 
toises  in  extent,  and  scarcely  rising  three  or  four 
inches  above  the  surrounding  soil.  I  notice, 
as  granites  of  new  formation,  in  the  southern 
hemisphere,  the  rock  of  Pareton,  :(eastern  decli- 
vity of 'the  Andes  of  Peru,  between  Guamcabaraba 
and  the  River  of  the  Amazons),  where  the  stea- 
titic  granite  passes  to  protogjne ;  the  granite  of 
Paramo,  of  Pata  Grande,  and  Nunaguava,  stratified 
and  destitute  of  hornblende ;  the  rock  of  Yanta, 
stratified  like  the  granite  of  Ochsenkopf,  in  Frian- 
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conia,  concealed  beneath  the  mica^slate  of  Gual- 
taquillo  and  Aipata,  and  containing  disseminated 
crystals  of  hornblende,  without  passing  to  true  - 
syenite,  (Cordilleras  of  Gueringa,  at  the  west  of 
Guamcabamba).  We  see  by  these  examples,  that 
in  the  Andes  as  well  as  in  the  Alps,  particularly 
at  a  considerable  height,  a  granite  rock  covers 
primitive  gneiss.  It  may  be  asked,  if  the  primi- 
tive greenstone,  which  forms  beds  in  the  for- 
mations §  §  3.  5,  6,  7-  sometimes  contains,  as 
several  geognosts  assert,  not  only  hornblende  mixed 
with  compact  feldspar,  but  pyroxene  also.  M.  de 
Charpentier  saw  this  latter  substance  in  large 
masses  in  the  primitive  Umeatone  of  the  Pyrenees. 
There  is  also  pyroxene-coccolite  in  the  urgriin- 
stein  of  the  Lake  Champlain  ;  I  saw  true  pyrox- 
enes, identical  with  those  of  the  trachytes  and  some 
transition  porphyries  of  Quito,  only  in  the  transi- 
tion greenstone  and  transition  mandelstein  of  Pa- 
rapara  (mountains  of  Venezuela), 

PRIMITIVE    SYENITE  ? 

$  8.  The  greater  part  of  the  syenites  of  the  an- 
cient  and  the  new  continent,  considered  formerly 
as  independent  rocks  of  primitive  formation,  are 
either  granites  with  hornblende^  that  is,  beds  sub- 
ordinate to  ^anite,  §§7-  and  11.,  (Syene,  now 
Philae,  or  even  the  first  cataract  of  Upper  Egypt, 
which  are  in  gneiss ;  Atures,  or  the  cataracts  of 
Oronooko  j  valley  of  Macara  and  Gualtaquillo,  a^d 
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the.  eastern  declivity  of  the  Andes  of  Peru) ;  or 
traiisition  ibrmations  (Mount  Sinai',  according  to 
the  interesting  observations  of  M.  Roziere ;  valley 
of  Plauen,  near  Dresden;  Guanaxuato,  in  Mexico,) 
intimately  connected  with  porphyries,  greenstones, 
and  transition  clay-slates.  Some  true  syenites  appear 
to  me,  however,  to  have  no  trace  of  this  coimectionj 
they  perhaps  constitute  independent  primitive 
formations ;  such  are  the  syenite  (a  great  deal  of 
reddish  lamellar  feldspar,  little  hornblende,  sc^u'cely 
Any  quartz,  no  mica,  no  titaneous  iron)  of  Cerro 
Munchique  (central .  Cordillera  of  the  Andes  of 
Popayan,  at  the  east  of  the  farm  of  Ciscabel, 
situated  on  gneiss,  and  partly  (?)  covered  by 
primitive  mica-slate) ;  the  syenite  of  Paramo  de 
Yamoca  (eastern  declivity  of  the  Andes  of  Peru, 
near  the  Indian  villages  of  Colascy  and  Chont^y), 
placed  on  the  granite  of  Zaulaca,  and  covered  by 
the  slate  of  the  lake  of  Hacatacumba.  As  that 
slate  supports,  in  its  turn,  a  green  transition  por- 
phyry, and  that  porphyry  supports  a  blackish-grey 
shelly  Imiestone,  (San  Felipe,  province  of  Jaen 
de  Bracamoros),  it  remains  doubtful,  whether  the 
syenite  of  Yamoca  and  the  slate  of  Hacatacuml)a  be 
not  also  transition  rocks  ;  and,  consequently,  newer 
than  the  syenites  of  Cerro  Munchique,  in  the 
Andes  of  PopE^an."  Are  the  syenites,  composed  of 
white  ffeldspar  and  green  hornblende,  at  the  foottjf 
Mont-Blanc,  (Coi'mayeux,)  and  also  the  syenites 
of  Biela  connected  with  euphotides,  to  be  consi- 
'dered  as  -primitive  formations  ? 
17 
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PRIMITIVE   SERPENTINE-? 

S  9.  The  great  formations  oi  euplioUde  (gab- 
bro,  or  serpentine  rocks)  are  posterior  to  primitive 
clay-slate,  and  bdong  partly  to  transition  rocks. 
The  small  fomiittion  which  we  here  designate  is 
analogous  to  that  of  Zoebtitz,  in  Saxony ;  it  reposes 
on  gneiss,  and  is  npt  covered  by  any  other  rock. 
The  serpentine  in  South  America,  (without  diallage 
metalloide,  but  with  garnets,)  of  the  mountains 
of  Hi^erote  (near  San  Pedro,  between  the  town 
of  Caracas  and  the  valleys  of  Aragua),  appears 
analogous  to  that  of  Saxony.  It  reposes  on  the 
talcose  gneiss  of  Buenavista,  that  passes  (which  is 
mre  in  those  countries)  to  a  gametiferous  mica- 
slate.  As  we  see,  however,  no  rock  superposed 
(HI  those  serpentines,  their  age  remains  a  little 
doubtful.  What  appears  to  me  to  prove  the  an- 
tiquity of  the  serpentines  of  Higuerote,  is,  that 
before  ai^>earing  as  a  particular  and  independent 
formation,  they  are  seen  as  subordinate  Vds  to 
mica-slate-gneiss,  nearly  in  the  same  manner  as  the 
serpentines  of  the  valley  of  Aoste. 


PRIMITIVE   LIMESTONE. 

^10.  Does  there  exist  an  ind^endent  fontk- 
atiim  of  gruiular  limestone  among  primitive  rocks  ? 
Or,  are  all  those  granular  limestones,  which  have 
hiUierto  been  very  generally  admitted,  only  beds  sub- 
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ordinate  to  gneiss,  mica-slate,  granites  of  new  form- 
ation, and  clay-slate.  In  the  Pyrenees  (Valley  de 
Vicdessos,)  M.  Charpentier  considers  the  granular 
limestone,  sometimes  blackish,  mixed  with  graphite, 
and  containing  great  masses- of  pyroxene  (IherzoUte, 
augitfels,)  and  beds  of  greenstone;  as  an  extended 
and  independent  formation.  This  autJiority  has, 
no  doubt,  great  weight.  At  the  south  of  the 
equator,  on  the  table-land  of  Quito  (at  Cebollar, 
and  on  the  banks  of  the  Rio  Machan'gara,  near 
Cuen^a ;  Portete,  in  the  Llano  of  Tarqui,)  we  find, 
on  mica-slate  (of  Guasunta  and  CaOar.)  a  coarse 
grained  white  limestone,  resembling  the  finest  Ca- 
rara  marble,  and  alternating  with  limestone  beds  that 
are  almost  compact,  striped,  and  go  transludd, 
that  they  are  used  in  chapels  and  convents  as 
window-glass.  I  long  regarded  this  granular  lime- 
stone of  Cuen9a,  void  of  petrifection,  as  a  primitive 
and  independent  formation ;  but  it  is  only  co- 
vered by  the  red  sandstone  of  Nabou;  and  an 
analogous  formation,  (Tolonta  nearChillo,)  placed 
amidst  transition  trachytes  and  porphyries,  renders 
the  age  of  the  formation  of  Cuen^a  extremely 
doubtful.  The  beds  of  primitive  limestone  sub- 
ordinate to  rocks  of  granite-gneiss,  are  far 
more  rare  in  equinoxial  America  than  in  the 
Pyrenees  and  the  Alps.  In  examining  with  care 
-the  gneiss-granite  of  Parime,  between  the  2d  and 
8th  degrees  of  north  latitude,  I  did  not  find  one  of 
those  beds. 
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III.    PRIMITIVE   MICA-SLATE. 

§  11..  Micorslate  (schiste  micac^.  glimtner- 
schiefer)  reposes  most  frequently  on  gneiss,  at 
other  times  immediately  on  granite,  §1.),  with 
which  it  first  begins  to  alternate  (Schneeberg  in 
Saxony,  Minas  Geraes  in  Brazil)  before  it  appears 
as  an  independent  formation.  It  is  distinguished 
from  gneiss,  when  the  two  rocks  are  strongly  charac- 
terised (which  is  far  more  rarely  the  case  in  the  high 
chain  of  the  Alps,  and  the  Cordilleras  of  Peru,  than 
in  the  plains)  by  the  aggregation  of  the  mica,  which 
in  mica-slate  presents  a  continued  sur&ce..  Of  all 
the  primitive  formations  this  is  the  most  developed 
in  central  Europe,  and  exhibits,  the  greatest  variety 
of  subordinate  beds.  The  beds,  become  more  hetero- 
geneous in  proportion  as  this  rock  becomes  more  dis- 
tinct from  granite.  The  mica-slatee  of  the  Pyrenees, 
which  are  considered  as  being  decidedly  primitive, " 
pften  contain  chiaatolite}  and  that  substance  some- 
times extends  as  far  as  the  interposed  beds  of  clay-; 
slate  and  granular  limestone.  Beds  subordinate 
to  mica-slate:  chlorite-slate  (chlorit-schiefer  with 
garnets);  a  mixture  of  mica-slate  and  granular  lime- 
stone, (Spliigen,  between  Glaris  and  Chiavenna; 
pie  du  midi  of  Tarbes,  in  the  Pyrenees);  clay- 
slate;  granular  liniestone,  and  dolomite  with  tremo- 
lite  (grammatite),  epidote,  talc,  tourmaline,  lepi- 
dolite,  hornblende,  corundum,  and  magnetic  iron; 
.granular. lifnestone  containing  quartz,  (Pyrenees); 
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dolomite  mixed  with  primitive  gypsum,  (passage 
of  Splijgen  in  the  Alps) }  slates  and  micaceous 
quartz  (gestellstein) ;  greenstone  and  greenstone- 
slate;  granular  tmd  schistose  diabase,  (Monona 
de  Avila,  Cabo  Blanco  near  Caracas);  bladtidi- 
green  compact  feldspar  (diditer  grunatein);  pot- 
stone,  (^topfstein,  Ursern)  ;  talc-slate  (talk-schiefer) 
with  garnets,  syenite,  tourmaline,  and  actinolitfl ; 
pure  serpentine,  (Sillthal  in  the  Tyrol) ;  seqientine 
mixed  wit  hgranutar  limestone,  verde  antko  (auxm-^ 
tains  c^  Caramania  j  Reichenstein,  Rorsdorf,  and 
Rothzeche  in  Silesia)  j  hornhlemi&-3late,  (Saint 
Pierre,  south  of  the  Great  St.  Bernard) ;  common 
hornblende  in  great  masses,  (Schdnberg  in  the 
Tyrol) ;  syenite,  (Mittlewald  in  the  Tyrol) }  beds 
of  garnets  with  oxidulat«d  iron,  (Braunsberg  near 
Freiberg,  Fraiienberg  near  Ehrenfiiedrichadorf, 
in  Saxony)  j  garnet  with  om^^acite-pyroxene,  and 
hornblende,  (Gefrees  and  Schwarzenbach,  coun- 
'  try  of  Bareuth,  Sanalpe  in  Carintliia) ;  a(diaoUte, 
garnets,  and  syenite;  fluate  of  lime,  (Messersdorf); 
beds  of  mica-slate  c(»iti^iiing  masses  of  gneiss 
perhaps  of  a  contemporaiy  formatiwi,  (Tuffle  ia 
Norway);  beds  severed  feet  in  thickness,  com- 
posed ^an  intimate  mixture  of  compact  feldspar, 
qaartz,  -and  mica,  (KUlstad  near  Drontiieim)  in 
Norway) ;  mica-slate  with  black  and  carburetted 
nuea,  (Sneehattan  in  Norway ;  Huffiner  in  the 
Valais).  I  do  not  cite  tiie  ^^um  of  Val  Cana- 
ria,  near  Airolo,  which  M.  Freiesleben  and  mj- 
self,  in  1795,  believed  to  be  e  primitive  fwmation 
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subordinate  to  mica-slate;  but  which  MM.  Brochant 
and  Beudant  (who  studied  it  separately  with  care) 
detennined  to  be  transition  gypsum  superposed 
on  mica-slate.  Mica-slate  often  contains  bornUeHde 
disseminated  through  its  mass,  (iSalzbourg ;  iSaint 
Gothard  ;  Oberwiesenthal  in  Saxony  ;  Sommerlei- 
ten  near  Bareuth).  The  emeralds  of  Sahara,  in 
Upper  Egypt,  again  found  by  the  intrepid  traveller 
Cailliaud,  and  those  of  Salzbourg,  are  contained  in 
the  mass  of  mica-slate  itself,  as  are,  in  both  conti> 
nents,  garnets,  staurotide,  (SL  Gothard ;  Sierra  Ne- 
vada de  Merida),  smd  4^e  syenite,  (Shetland  Isles, 
Maniquarez,  at  the  north  of  Cumana).  The  eme- 
ralds of  Muzo,  in  New  Grenada,  appeared  to  me 
to  form,  a  bed  in  a  hornblende-slate  subordinate  to 
mica-slate.  If  we  consid^  formations  only  with 
relation  to  their  volume  and  mass,  we  must  admit 
that  mica-^te  appears  as  important  in  the  chains 
of  the  mountains  of  Europe,  as  transition  porpby- 
lies  and  trachytes  in  Mesico,  and  in  the  Andes  oi 
-^uto  and  Peru.  The  most  conaiderable  contijaued 
nasses  of  mica-slate  which  I  saw  in  equinoxial 
America,  are  those  of  the  Cordillera  of  Uie  shore 
-cf  Venezuela,  where  grantte-gneisB  predominates, 
from  Cape  Cudera  as  far  as  Punta  Tucacas  (at 
the  west  of  Portocabdlo),  while  tow^ds  the  east 
the  same  Cofdillera  is  composed  of  mica-alate^  and 
«ven  of  a  gameti&rous  mlca-sIsAe,  in  the  mountaiiw 
•of  Macanao,  the  lale  of  Mai^erite,  and  in  all  the 
-penineula  'of  Araya.  At  the  west  >of  of  Chupa- 
ripari,  this  latter  rock^conlains  small  beds  otf':quact£v 
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with,  syenite  and  lutile.  Near  Caracas  gra- 
nular limestone  forms  bed^  not  in  the  mica-slate, 
but  in  the  gneiss ;  in  the  mountains  of  Tuy,  on 
the  contrary,  there  is  mica-slate  passing  (aa  in  the 
valley  of  Capaya)  to  talc-slate,  containing  beds-  of 
primitive  limestone,  and  small  beds  of  zelchen- 
schiefer  (graphic  ampelite).  At  the  south  of  the 
Oroonoko,  in  the  mountain-group  of  Parime, 
in  an  extent  of  one  hundred  and  eighty  leagues, 
I  saw  no  real  mica-slate  lying  on  granite-gneiss^ 

The  latter  formation  alone  seems  to  cover  that 
vast  country,  but  there  gneiss  sometimes  passes  to 
mica-slate  ;  at  sunrise  it  gives  a  splendour  to  the 
flanks  of  several  lofty  mountains  (peak  of  Cali- 
tamini,  Cerro  Ucucuamo,  between  the  sources  of 
of  the  Essequibo  and  Rio  Branco),  and  has  thence 
contoibuted  to  the  mythus  of  Dorado  and  the  riches 
of  Spanish  Guyana.  In  the  Cordilleras  of  the 
Andes,  the  independent  formation  of  mica-slate  ap- 
peared to  me  less  rare  in  the  north  than  at  the  south 
of  the  equator.  At  Nevado  de  Quindiu  (New  Gre- 
nada) it  attains  a  thickness  of  more  than  six  hun- 
dred toises.  Advancing  from  thence  by  Quito<and 
Loxa,  towards  the  Andes  of  Peru,  we  saw  mica- 
slate  appearing  from  beneath  the  trachytes  and  tran- 
sition porphyries  of  Popayan  (at  the  south  of  the 
volcanoes  of  Sotara  and  Purace)  ;  further  on,  that 
rock  remains  visible  on  different  points  from  the 
Alto  del  Roble  (the  ridge  that  divides  the  waters 
between  the  Pacific  Ocean  and  the  Sea  of  the  An- 
tilles) as  far  as  the  valley  of  Quilquas^ ;  it  is  again 
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hid  at  intervals  beneath  trachytic  porphyries^ 
with  a  base  of  phonolite,  and  re-appears  several 
times;  for  instance,  between  Almageur  and  the 
Rio  Yacanacatu,  between  Voisaco  and  the  volcano 
of  Pasto,  between  Ganace  and  the  volcano  of  Tun- 
guragua,  between  Guamote  and  Tiscan  near  Alansi 
(where  the  mica-slate  contiuns  an  immense  bed  of 
quartz  containing  sulphur,  and  another  bed  (?)  of 
primitive  gypsum),  between  Guasunto  and  Popal- 
lacta,  between  the  Caoar  and  Burgay,  at  the  south- 
ern part  of  the  trachytic  group  of  Assuay,  finally, 
between  I^oxa  and  Gonzanama.  Near  the  latter 
place,  in  the  ravine  of  Vinayacu,  a  bed  of  lamel- 
lar graphite  occurs  in  a  mica-slate  that  is  cer- 
tainly primitive.  In  descending  from  Loxa  by  the 
Paramo  of  Yamoca,  towards  the  Amazon,  between 
the  4°  and  5°  of  south  latitude,  in  the  valley  of  Po- 
mahuaca,  granite  of  the  second  formation  is  covered 
by  mica-date;  but  in  general,  in  that  part  of  the 
Cordilleras,  it  is  not  mica-alate,  but  primitive  sye- 
nite and  clay-slate  that  have  assumed  a  great  de- 
velopement,  whenever  the  soil  is  not  covered  with 
porphyries  and  trachytes.  In  New  Spain,  mica-slate 
abounds  (gold  mines  of  Rio  San  Antonio)  in  the 
province  of  Oaxaca;  but  &rther  north  (16° — 18° 
N.  lat),  on  the  eastern  declivity  of  the  Cordilleraa, 
between  Acapulco  and  Sumpango,  the  granite  is 
not  even  covered  by  gneiss,  but  immediately  by 
alpine  limestone  (Alto  del  Peregrino)  and  transi- 
tion porphyries  (the  Moxonera  Acaguisotta). '  A 
mica-slate,  destitute  of  garnets  and  passing  some- 
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times  to  clay-slate,  occurs,  however,  in  the  rich 
mines  of  Tehuilotepec  and  Tasco  (between  Chil- 
pansinga  and  Mexico),  beneath  alpine  limestone. 
Veins  of  red  silver  penetrate  from  one  of  these  rocks 
into  the  other,  notwithstanding  the  great  difference 
that  must  be  admitted  in  the  ages  of  the  rocks. 
I  know  no  example  in  the  Andes  of  a  bed  of 
porphyry  in  mica-slate,  or  a  passage  of  the  latter 
rock  to  a  porphyritic  rock ;  a  passage  which, 
according  to  the  important  observation  of  M.  de 
Buch,  takes  place  in  the  Alps  of  Splugen,  be- 
tween the  village  of  that  njune  and  the  v^ley  of 
Schams.  The  primitive  formations  in  which 
mica-slate  abounds,  supply  mineralogists  with  the 
greatest  variety  of  crystallised  substances.  These 
rocks,  so  abundant  in  potash,  rival  in  this  re- 
spect transition  mandelstein  (amygdaloids),  and 
several  volcanic  rocks.  We  very  rarely  observe 
in  nature  an  equal  devel<^mentof  the  three  form> 
ations  of  gneiss,  mica-slate,  and  clay-slate;  and  when 
that  developement  has  taken  place,  it  is  rather  in 
mount^ns  of  lunall  elevation,  and  where  they  sink 
towfU'ds  the  plains,  than  in  the  lofty  chains  of  the 
Andes,  the  Alps,  the  Pyrenees,  and  Norway.  No 
where,  perhaps,  is  the  total  suppression  of  micace- 
ous or  schistose  formations  more  frequent  than  in 
the  Cordilleras  of  Mexico  and  South  America.  We 
there  see  the  series  of  primitive  rocks  stop  abruptly, 
either  at  gneiss-granite,  at  a  syenite  which  I  bdieve 
to  be  primitive,  oratgneiss-mica-slate.  This  phe- 
nomenon occurs  even  where  (Cordillera  of  Parime) 


jbyGoogIc 


diere  is  an  absence  of  trachytes,  and  eveiy  other 
rolcanic  phcmoraenon. 

GRANITE   POSTERIOR  TO  MICA-SLATE,  AND  ANTERIOR 
TO    CLAY-SLATE. 

§  12.  A  granite  of  new  formation,  reposing  on 
mica-slate,  to  which  it  belongs  geognostically  (St  Go- 
thard  in  the  Alps,  Reichenstein  in  Silesia).  It  is 
often  stratified  (Hogholm  in  Norway,  according  to 
M.  de  Buch ;  Matireidersdorf  and  Stri^au  in  Sile- 
sia, according  to  M.  Schulze),  contains  garnets  and 
hornblende,  and  passes  to  a  syenitic  rock  with  large 
grains;  the  quartz  is  remarkable  for  its  great  trans* 
parency,  and  the  feldspar  for  the  size  of  its  crystals. 
The  granite  is  sometimes  steatitic,  and  indicates 
the  return  of  slate  rocks  to  granular  and  crystallised 
rocks.  The  granite  of  MiUlewald,  north  of  Boixeu 
(passage  of  the  Alps  of  Brenner),  reposes  on  a  primi. 
tive  syenite,  which  alternates  several  times  wiUi 
anica-slate.  The  granite  with  t4:^>aze8  of  Schnedt' 
eiiBtein  in  Saxony,  long  considered  as  a  particular 
formation  (topazfels),  is  probably  only  a  mass  that 
traverses  the  mica-slate.  X  adnut  the  existence  of 
a  fermation  of  gramte^  uialogous  to  that  of  St. 
Gothard  (that  is,  posterior  to  mica-slate),  in  the 
Andes  of  Baraguan,  Quindiu,  and  Herveo,  where 
several  modem  granites  aj^ear  on  the  crest  of  the 
Cordilleras,  supporting  peaks  of  trachytes.  Is  it  to 
this  formation  that  the  granite  of  Krieglach  in  Sty- 
ria  belongs,  in  which  the  lazulite  (blauspath)  re- 
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places  common  feldspar,  and  the  remarkable  rock 
of  the  Camatic,  the  knowledge  of  which  we  owe  to 
the  Count  de  Boumon  ?  This  latter  is  composed  of 
indianite,  feldspar,  and  corundum  (with  garnets, 
epidote,  and  fibroUte). 

GNEISS   POSTERIOn   TO    MICA-SLATE. 

§  13.  A  small  formation  of  gametiferous 
gneiss,  observed  by  M.  de  Buch.  It  covers  mica- 
slate,  (Bergen,  Classness  and  Klowen,  in  Norway), 
arid  contfuns  subordinate  beds  of  granular  lime- 
stone, and  even  of  mica-slate.  This  formation^is 
also  found  in  the  Pyrenees. 

GREENSTONE-SLATE,     OR   GRUNSTEIN-SC  HIE  E'ER. 

§  14.  Greenstone-slate  (diabase  schistoide,  griHi- 
steih-schiefer,)  is  placed  between  gneiss  and  pri- 
mitive clay-slate,  (Siebenlehn,  Roseathal),  or  be- 
tween mica-slate  and  primitive  clay-slate  (Gersd6rf 
and'Rosswein,  in  Saxbny)  ;  it  contains  very' ancient 
argentiferous  veins.  Greenstone-slate  occurs  ^o 
as  a  bed  subordinate  to  mica-slate.  It  is  a  form- 
ation of  compact  feldspar ;  and  its  independence 
appears  to  me  doubtfiil. 

IV,   PRIMITIVE    CLAY-SLATE. 

§  15.  Primitive  schist  (schiste  argilleux,  phyl- 
lade,    urthon-schiefer,)    is  less   carburetted,   and 
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generally  of  a  colour  less  dark  than  the  transition 
clay-slate.  Where  it  passes  to  mica-slate,  the  mica 
is  in  large  scales,  'while  mica  in  small  scales  cha^ 
racterises  transition  clay-slate;  Stibordtnate  beds ; 
bluish  granular  limestone ;  porphyry ;  chlorite- 
slate  with  disseminated  garnets  and  sphene ;  mica- 
slate  (Klein- Kielvig  in  Norway);  greenstone,  but 
more  rarely  than  in  the  transition  clay-slate^; 
greenstone-slate ;  quartz  with  epidote ;  a  mixture 
:of  diallage  and  feldspar ;  beds  subordinate  in  pri- 
mitive clay-slate  are  less  frequent  than  those  in 
mica-slate,  a  rock  in  which  the  heterogeneous  beds, 
and  the  abundance  and  variety  of  crystallised  sub- 
stances have  attained  their  maximtmi,  in  passing 
"from  primitive  granite  to  the  transition  rocks.  When 
we  consider;  in  a  general  point  of  view,  the  differ- 
ence between  primitive  and  transition  clay-slate, 
we  can  indicate  in  the  former  several  very  im- 
portant negative  characters ;  such  as  the  absence 
of  nodules  or  subordinate  beds  of  compact  lime- 
stone, the  absence  of  chiastolite  disseminated  in 
the  mass,  layers  of  clay-slate  shining  strongly 
charged  with  carbon,  finally,  the  absence  of'  nii- 
merous  beds  of  greenstone  (in  balls),  of  aluminous 
■  and  graphic  ampeUte  (alum-slate,  and  drawing- 
slate,  alaun-und  zeichen-schiefer),  iydian  stone,  and 
sDiceous  schist ;  but  we  must  not  forget  that  those 
general  characters  admit  of  partial  exceptions,  at 
which  the  experienced  geognost  is  the  less  sur- 
prised, .  as  transition  clay-slate  often  immediate^ 
succeeds,  according  to  the  relative  age  of  forma- 
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^bpo^  to  prmitiv^  clay-slate.  We  ^4  it^  thf  latter, 
jphiasfccdite,  ^t  the  summit  pf  the  Pyrenees  an4 
psftf  Kielvig  ifi  Norway.  M-  de  Ramner  s^w  to- 
gether in  Si^eaia  (Rohrsdoif,  Nieder-Ruqzendoif), 
ituhonJUnate  beds  of  porphyry  with  3  base  of  f^ld- 
sjKir,  gpeias,mjc»-sla^  granular  liinestane,w>p4it«, 
^d  lydifto  §to»e.  In  eq^inoxiftl  America  (bttoi:^! 
phaiB  of  yene?)jela,  isthmus  of  Araya,  Cerro  de 
iphuparinara),  J  phserved  together  iij  a  cl»y-^tfi 
yhich  pa^sw  to  primteive  ^d  cyanitiferom  piicp- 
^tg  pj^  wtiich  it  repose,  hpds  of  mty?  and  sl4awg 
l^^ri);ig^^te  trfvipraed  by  jsmall  yeios  of  nMivf 
i^um.  It  tf  ^metiijae?  very  difficult  to  .ohserviC 
jrith  pfecisiqo  wfere  the  primitive  clay-^^e  c^aso^ 
^d  where  tV  ti^maitim  slate  bf;^^  T^heblackish- 
ijue  slst^s  pf  Piedras  Azules  (be;tweMi  Villa  de  Cura 
^nd  Parapara)  ai,  ^e  auf^ient  nortbeni  sluv'^  of  th^ 
I4(inp3,  pr  stapes  of  Venezuela,  those  of  Gu^na^ 
uato,  »t  Afexico,  of  which  the  lower  strati^  pa^s 
to  talc-slate  and  p^orite-s|at^  (talc  and  ddori^r 
schiefer),  whUp  the  uj^w  strata  are  charged  witii 
c^bon,  and  pontaia  beds  of  serpeiitine  ^yeni,^ 
are  ibund  on  the  |imit  of  tl)e  two  cctntiguovi^  fbrm- 
gitions. 

Therp  is  no  doubt  that  in  both  corjtinents  the 
greatest  mass  of  schists  ^re  those  of  transition ; 
but  in  America,  particularly  in  the  «qulnp?[ial  r^ 
gion,  this  dllTerencp  is  less  striking  ibsax  the  acti^ 
aie^a,^  of  all  clay-slate  compared  with  gneiss 
if^^t^.  Caaj-slalf  f^p^ltra  tQ  be  eflti^ely  w»nt- 
i^  ^  the  Cq^'^lU^  of  Pa4m^  aw)9s  which  the 
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Oroonoko  has  worked  its  way ;  in  the  Andes,  as  well 
as  in  the  Pyrenees,  it  occupies  »  apace  of  but  »naU 
extent  I  found  it  at  the  north  of  the  equator,  sup> 
porUng  the  secondary  formations  of  the  table-land 
of  Santa-F^  de  Bogota,  between  ViUeta  and  Mav«i 
and  ai.  the  south  of  ^e  ecmator,  placeid  on  tl^ 
tnica<slates  of  Condorastc^  and  serving  as  a  ba^i^  (<>! 
the  transition  porphyries  c^the  Alt<:»  de  Pilches,  ^ 
tween  San  Luis  and  Pomallacta  (Andes  of  Qviito)( 
ben^th  the  alpine  limestone  of  Hualgay-oc  basset^ 
ing  out  at  a  height  o€  9000  toises,  in  the  Parqmo  o£ 
Yannaquu^a  (ridge  of  the  Andes  of  Peru} ;  and 
reposing  immediately  on  ancient  gcanit^  betweea 
the  Indian  villages  of  San  Diego  and  Casc^s  (westann 
declivity  of  the  Andes  of  Peru).  I  dp  not  know  if 
the  clay-slate  covering  a  syenite  that  belongs  to,  gw. 
nit^,  on  the  banks  of  the  lake  of  Hacat^gunib^  mi, 
at  Paramo  de  Yamoca  (ettstem  declivity  of  the 
Andes  of  Peru,  province  of  Jaen  de  Bracaraoros,) 
be  really  a  primitive  formation.  The  insensible  pas- 
sages which  we  sometimes  observe  between  gvanitet 
gneiss,  mica-slate,  and  clay-slate,  and  which  havQ 
their  analogies  in  the  passage  of  the  syenites  and 
serpentines  to  transition  greenstone,  has  led  many 
geognosts  to  believe  that  those  four  formations  are 
Qldy  one.  We  see,  in  fact,  a  vast  extent  ofcox^iary, 
in  which  gneiss  constantly  oscillates  between  gi% 
i}\t^  and  mica^slate;  and  mica-slat^  hetwe^  gn9)f>^ 
an,d  c)ay-slate ;  but  this  phenomefion  is  b^  np  meai^ 
^n«r^L  We  must  4i8tinguisb  in  t^e  t^m  h^Wb 
aphere^  1'',  the  districts  where  thes^  ins^if^bl^  pas? 
I  a 
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rages,  or  oscillation8  between  neighbouring  rocks, 
take  place  frequently,  and  in  an  irregular  manner :  2% 
Ihe  districts  whwe  distinct  strata  of  granite  and 
^eiss,  of  gneiss  and  mica-slate,  alternate,  and  con- 
stitute complex  formations  of  granite  and  gneiss,  and 
of  gneiss  and  mica-slate :  3°,  the  places  where  simple 
formations  of  granite,  gneiss,  mica-slate,  and  clay- 
slate  are  superposed  without  alternating  (with  or 
without  a  passage  at  the  point  of  mutu^  contact). 
The  latter  case  does  not  exclude,  in  the  gneiss  for 
Mistance,  the  beds  of  granite  which  resemble  the 
lower  rocks,  nw  the  beds  of  mica-slate  which 
indicate  our  ajqjroach  to  the  rocks  which  are 
superposed : 

■■  We  place  after  the  clay-slate  four  parallel  form- 
ations. ' 

dUARTS-BOCK.  PRIMITIVE  PORPHTHT? 

GBANITE-GMEISS,  POSTEBIOR 

TO  CLAY-SLATE.  .  PRIMITITE  EUPHOTIDE. 

The  first  of  these  formations  is  little  known  in 
Europe ;  the  third  appears  doubtful  as  an  inde- 
pendent formation. 

QUARTS!-HOCK     (wiTH   MASSES    OP     SPECULAR    IRON, 
FER  OLIGISTE  METALLOIDE). 

'  S  16.  This  is  the  great  formation  that  contain* 
the  itacolumite,  or  elastic  chloritoira  quartz  (gelink- 
quarz,  biegsamer  sandston,  chloritquarz)  of  M. 
d'Eschweg^  and  the  beds  of  micaceous  and  spe- 
cular iron.  On  the  south  of  the  equator  we  find, 
in  the  mountains  of  Brazili  and  in  the  Cordil- 
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leras  of  the  Andes,  masses  of  quartz,  sometimes 
quite  pure,  sometimes  mixed  with  talc  and  chlorite^ 
and  which,  from  the  enormous  thickness  of-  tiieir 
beds,  and  the  extent  they  occupy,  merit  the  attend 
tion  of  geognosts.  Those  rocks  of  quartz  appeared 
to  me  to  consist  of  several  formations  of  very  differ- 
ent relative  antiquity.  In  South  America,  some  are 
connected  with  a  clay-slate  decidedly  primitive  j 
others,  much  more  difficult  to  understand  in  their 
relations  of  superposition,  are  placed  between  trans- 
ition porphyry  and  alpine  limestone,  and  some- 
times replace  the  red  sandstone.  We  shall  here 
speak  only  of  the  former,  separating  the  formations 
of  which  the  position  is  well  known,  from  those 
which  are  more  uncertain.  On  the  tabl&'Iand  of 
Minas-Geraes,  near  to  Villa-Rica  (according .  to 
the  excellent  observations  of  M.  d'Kschwege,  dii'ec- 
tor-general  of  the  mines  of  Brazil),  a  mica-slate  that 
contains  beds  of  granular  limestone  is  covered  by 
primitive  clay-slate.  On  this  latter  rock  reposes^ 
in  conformable  stratification,  the  chloritous, quartz 
(chloritquartz),  which  constitutes  the  mass  of  tiie 
Peak  of  Itaculumi,  1000  toises  above  the  level  of 
the  sea.  This  formation  of  quartz  contains  alterna- 
ting beds  j  1°,  of  auriferous  quartz,  white,  greenish, 
or  striped,  mixed  with  talc-chlorite,  and  exhibiting 
strata  of  flexible  quartz,  which  have  hitherto  been 
irriproperly  considered  as  hyalomicte  (greisen),  or  as 
beds  of  quartz  in  mica-slate;  2°,  chlorite-slate ;  S", 
auriferous  quartz,  mixed  with  tourmaline  (schorl- 
schiefer  of  Freiesleben) ;  4°,  specular  iron,  mixed 
1  3 


jijyGooi^lc 


118 

viAi  auriierous  quartz  (goldhaltiger  eisenglimmer- 
aohiefer).  The  beds  of  chJoritous  quartz  are  some* 
iimea  1000  feet  thick.  The  whole  of  this  form- 
ation ,  is  covered  by  a  ferniginouB  breccia,  ex- 
tremely auri^oust  M.  d'Eschwege  tliinks  tiiat 
it  ia  to  the  destruction  of  the  beds  we  have  just 
named,  and  which  are  geognostically  connected 
together,  that  the  soil  which  is  worked  by  means 
of  washing,  should  be  attributed,  containing  gold, 
platuia,  palladium  suid  diamonds  (Corrego  das 
Lagens),  gold  and  diamonds  (T^uco),  platina  and 
diamonds  (Rio  Abacte).  The  decomposed  chlorite- 
slate,  &om  which  the  topaz  and  the  euclase  of 
Brazil  are  procured,  belongs  to  this  formation. 
Sometimes  in  the  mountains  of  Minas-Geraes,  the 
quartz-rock  is  of  a  more  simple  structure.  In^:ead 
ok'  being,  composed  of  alternate  beds,  it  consists 
but  of  a  simple  mass  of  quartz,  with  dense  or 
granular  specular  iron  (dichter  eisenglanz ;  fer 
(digiste  not  lamellar  Bor  micaceous).  This  mass  is 
sometimes  1800  feet  thick,  and  contains  no  dis- 
seminated gold.  It  is  placed  on  primitive  clay- 
riate  that  immediately  covers  gneiss.  It  may  be 
stud  that  it  is  this  but  little  known  formation  of 
itacolumite  quartz,  which  has  funiished,  by  its  de- 
Qompontioni  (into  lite  alluvial  soil  which  has  pro- 
oeefled  from  it)  in  the  years  I756-I764,  nearly 
thirty  millions  of  franks  in  gold  anhually.  It  im- 
mediately succeeds  clay-^tej  but  according  to  the 
obs^vations  hitherto  made,  it  would  be  difficult 
to  class  it  with  the  novaculite  or  whetrslate  (cos. 
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w«s-Bdiiefer),  wiiich  is  greenish-grey,  staoke^rvyt 
mixed  with  much  fdnmine,  atid  formiag  a  snbor-' 
dinate  bed  in  clay-slate.  The  itacolumite  quartz,  by 
an  ocyctognostic  affinity  which  exists  between  talc 
and  chlorite,  is  allied  to  tdc-slMe  (talk-schiderX 
which  abounds,  in  every  other  countxy,  with  mi- 
nerals well  ciystallised,  and  which,  by  the  suppress 
HOn  of  the  plates  a€  talc,  is  sometimes  only  pure 
quartz ;  the  talc-schist  forms,  therefore,  in  the  two 
continents,  beds  subordinate  to  clay-sbrte,  and  t» 
primitive  mica-slate.  I  found  a  formation  analogous 
to  that  of  Minas-Geraes,  but  destitute  o£  specular 
iron,  at  the  height  of  1600  tenses  above  the  level  of 
the  sea,  in  the  savannahs  of  Tiocaxas  (at  the  south 
of  Chimborazo,  between  Guamote  and  Stm-Luis), 
and  at  the  east  of  the  Paramo  de  Yamoca,  near 
Hecatacumba  (Andes  de  Quito).  Enormous  massea 
of  quartz  are  th^e  mixed  with  some  plates  of 
odea,  and  superposed  to  primitive  clay-slater  The 
independence  of  the  primitive  quartz  IbmntifHM 
which  we  here  indicate,  wiU  be  better  eatabfisbed 
when  we  shall  find  them  superposed  immediately* 
not  always  on  the  same  roclt  (on  clay-slate),  but  on 
different  rocks  more  ancient;  for  instance,  on  mica^ 
slate,  gneiss,  and  granite.  In  this  independence  of 
pondon,  t^e  quartz-rock  0!f  Contumaza,  which  i 
believe  to  be  secondiuy,  is  observed;  it  first  coven 
porphyry,  then  (near  Cascas),  the  same  granite  tbart:. 
forms  the  coast  of  the  South  Sea  in  the  Lower  Pent* 
A  very  important  observation  made  by  M,  de 
Buch  in  the  north  of  the  Scandinavian  penmsula, 
I  4 
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appears  to  justify  the  position  we  assign,  among 
primitive  rocks,  to  the  quartz-rock  of  the  south- 
em  hemisphere.  That  indefatigable  traveller  no- 
ticed, that  in  the  northern  region  of  the  ancient 
worid,  primitive  clay-slate  is  sometimes  replaced 
by  a  quartz-rock  coloured  by  iron.  Quartz-rock 
ajid  clay-slate  are  consequently  in  Norway  parallel 
rocks,  or  geognostic  equivalents.  It  is  very  remark- 
able  to  see  sulphur,  gold,  mercury,  and  specular 
iron  ore,  connected  in  South  America  with  those 
enormous  masses  of  silex.  Whatever  interest  the 
precious  metals  may  excite,  it  cannot  be  denied 
that  the  abundance  of  sulphur  in  primitive  form- 
ations is,  witli  respect  to  the  study  of  volcanoes,  and 
those  rocks  through  which  the  subterraneous  fires 
pierce  their  way,  a  far  more  important  phenomenon 
than  the  abundance  of  gold.  A  little  to  the  south 
of  the  elevated  savannahs  of  Tiocaxas  and  Guamote 
(Cordilleras  of  Quito),  where  we  just  noticed  the 
formation,  perhaps  independent,  of  quartz  super-, 
posed  to  clay-slate,  I  examined  the  celebrated  moun- 
tain of  sulphur  of  Tiscan,  which  is  a  bed  of  quartz 
(direction  N.  18°  E.j  inclination  7O— 80"  at  N.  W.  j 
thickness  of  the  bedSOOtoises ;  height  above  the  level 
of  the  sea,  1S50  toises)  in  mica-slate.  In  Brazil, 
the  formation  of  chlorite-quartz  (itacolumite), 
superposed  on  primitive  clay-slate,  contains  not  only 
gold,  but  sulphur  also  ;  slabs  of  this  rock,  strongly 
heated,  bum  with  a  blue  flame.  A  clay-slate  of  the 
same  age  as  that  on  which  chloritous  quartz  is  su- 
perposed contains  (Serro  de  Frio,  near  S.  Antonio 
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Pereira)  a -bed  of  primitive  limestone  containing^ 
masses  of  native  sulphur.  Gold  and  sulphur  are 
found  also  (Andes  of  Caxamarca,  at  Peru,  between 
Curimayo  and  Alto  del  Tual),  on  the  limit  of  transi- 
tion porphyries  and  alpine  limestone,  in  consider- 
able.masses  of  quartz  which  are  parall^  to  the  red 
sandstone.  -  To  these  quartz-rocks,  or  rather  tp 
still- newer- formations,  belong  the  great  deposit 
(quarzflotz)  of  sulphuret  of  mercury  of:  Grancave- 
lica,  while  the  mercury  of  Cuen9a  (southern  part  of 
the  kingdom  of  Quito),  as  well  as  that  of  the  duchy 
of  Deuxponts,  belongs  to  the  red  sandstone.  These 
notions  will  serve  to  throw  some  hght  on  the  great 
beds  of  quartz  which  M.  d'Eschwege  and  myself 
observed  in  the  southern  hemisphere,  and  which 
can  scarcely  he  called  quartzose  sandstone.  These 
rocks  appear  to  pass, .  like  limestone,  through  dif- 
ferent primitive,  intermediary,  and  secondary  form- 
ations. Several  celebrated  geognosts  have  already 
attempted  to  introduce  quartz-rocks  as  independent 
formations,  in  the  general  type.  The  guarzgebirge 
of  Werner  is  primitive,  and  reposes  on  gneiss  (Frau- 
enstein,  Oberschonau,  in  Saxony),  by  which,  per- 
haps, it  was  formerly  covered.  Beds  that  belong 
essentially  to  one  formation  are  sometimes  found 
at  the  upper  and  lower  limit  of.  that  formation  j 
(for  example,  bituminous  slate  below  zechatein,  or 
alpine  limestone;  gypsum  above  zechstein  j  silice- 
ous schist,  lydian  stone,  or  ampelite,  above  transition 
clay-slate,  and  in ,  that  rock).  The  small  masses  of 
piimitive  quartz,  observed  on  the  ridge  of  the  raoun- 
tains  of  Europe,  cannot  be  compared  in  thickness 
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nor  extent  to  the  rocks  of  primitive  quartz  of  the 
Andes  or  Brazil.  The  granular  quartz-rOck  (with 
^dspar),  described  by  Mr.  Jameson,  inthe  Hebrides 
the  quartz  and  chlorite-rocks,  anterior  to  grauwacke 
and  connected  with  red  sandstone  (primary  red 
stmdstone  of  Dr.  Maculloch),  affwd  some  traits 
of  geognostic  analogy  with  the  quartz  masses  of 
equinoxial  America ;  but  they  are  much  more 
mixed  (less  simple  in  their  structure),  and  may» 
according  to  the  interesting  discussions  of  M.  Bcni6, 
very  probably  belong  to  ancient  tranation  rockft 
The  trapsandstein,  or  secondary  quartz-rock  of 
some  German  geognosts,  sunound  basalts,  and 
are,  no  doubt,  of  an  origin  much  more  recent 
than  the  ftn-mation  'of  quartz  in  large  masses  (ex- 
tremely pure,  without  mixture,  and  not  a^re- 
gated),  which,  placed  between  trEuisition  porphyry 
and  alpine  limestMie,  attain,  according  to  my  ob- 
servations at  the  western  declivity  of  the  Andes  of 
Peru  (Contumaza,  Namas),  the  enormous  thick- 
ness of  6000  feet. 

GEANITE   AND    6NEIS8,    POSTEBIOR   TO   CLAT-SLATE. 

§  17<  This  is  a  formation  of  small  grained  granite, 
passing  sometimes  to  a  gametiferous  gneiss,  with 
which  it  alternates.  This  interesting  forsiation  re- 
poses, (Kielvig,  at  the  northern  extremity  of  Nor- 
way, and  the  Shetland  islands),  according  to  M.  de 
Buch,  on  primitive  clay-slate.  It  contains  horn- 
blende and  diallage,  and  thus  manifests  its  affinity 
with  one  of  the  following  formations.     The  form- 
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^ions  of  granite  might  be  designated  (§§  4.  7.  J& 
and  17.)  by  the  names  of  granite  of  whitestone 
(weistein),  of  gneiss,  of  mica-slate,  and  of  clay-slate ; 
but  such  denominations  would  lead  to  the  suppo- 
sitioD  tbat  these  small  formations  are  necessarily 
situated  in  whitestone  (weistein),  in  gneiss,  in  mica- 
slate,  and  in  clay-slate ;  whereas  they  are  found 
simply  superposed  on  these  rocks,  on  which  they 
seem  to  depend.  The  presence  of  tin,  magnetic 
iron  (?),  hornblende,  diallage,  garnet,  taic  and 
chlorite  replacing  mica,  as  well  as  the  tendency 
to  pass  to  pegmatite  (schriilgranit)  characterises 
tiie  newer  granites. 

PRIMITIVE   PORPHYRY? 

§  18.  Does  a  primitive  and  independent  fijr- 
mation  of  porphyry  exist?  There  can  be  no  que» 
tion  respecting  the  porphyries  which  occur  as  siU>- 
ordinate  beds  in  other  primitive  rodcs  (§  §  5.  and  Id.), 
nor  with  reject  to  the  gneiss  and  mica-slate  of  the 
high  Alps,  which  become  granular,  and  assume  by 
the  insulation  of  feldspar  crystals,  a  pophyroidal  as- 
pect I  hesitate  to  place  the  porphyries  of  Saxony 
and  Silesia  (duchy  of  Schwiednitz)  among  primi- 
^ve  rocks,  although  the  former  immediately  cover 
gneiss  (between  Freiberg  and  Thar^idt.  They  are 
sometimes  traversed  by  veins  of  tin  (Altenberg) 
and  ores  of  silver  (Grund).  The  porphyries  of  Si- 
lesia contain  disseminated  hornblende  (Friedland) ; 
and  have  hitherto  been  considered  as  more  an- 
cient than  primitive  day-slate.    It  is  cert^n  that 
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the  porphyries  of  Saxony  are  partly  transition  por- 
phyries, and  partly  belong  to  the  red  sandstone.  In 
the  Cordilleras  of  the  Andes  of  Peru,  Quito,  New 
Grenada,  and  Mexico,  among  that  innumerable 
variety  of  porphyritic  rocks,  of  which  the  masses 
attain  from  2500  to  3000  toises  in  thickness,  I 
did  not  see  a  single  porphyry  that  appeared  to  nie 
decidedly  primitive.  The  most  ancient  formation 
which  I  observed  occurs  in  the  deep  valley  of 
Magdalena,  (between  Guambo  and  Truxillo,  in 
Peru) :  it  is  a  porphyry  with  a  clay  basis  a  little 
decomposed,  with  common  not  vitreous  feldspar, 
without  hornblende,  but  also  without  quartz.  Tliis 
formation,  which  appears  distinct  from  all  the  trans- 
ition porphyries  and  trachytes  of  Quito,  and  the 
ridge  of  the  Andes  of  Peru,  appears  at  the  height 
of  600  toises  above  the  level  of  the  sea ;  it  is  placed 
immediately  upon  granite,  and  is  covered,  at  the 
western  declivity  of  the  Andes  by  a  rock  of  se- 
condary quartz,  and  (probably)  at  the  eastern  de- 
clivity by  red  sandstone. 

V.      PRIMITIVE  '  EUPHOTIDE     POSTERIOR     TO     CLAY- 
SLATE. 

S  19.  This  formation  is  placed  at  the  limit  of  pri- 
mitive and  transition  formations.  It  is  the  gabbro 
of  M.  de  Buch ;  the  euphotide  of  M.  Hauy ;  the 
schillerfels  of  M.  de  Raumer ;  and  the  ophiolite 
of  M.  Brongniart.  This  rock  was  formerly  desig- 
nated by  the  names  of  serpentinite,  serpentinous 
granite,  granite  of  diallage  granitone,  granito  di 


jb/Goog[c 


gabbro,  granito  dell'  impruneta,  serpentinartiger  ur- 
grunstein.  We  shall  here  describe  it  such  as  it 
was  first  limited  by  M.  de  Buch.  It  is  found  super- 
posed (cape  north  of  the  isle  Mageroe,  in  Nor- 
way) in  a  primitive  slate,  which  passes  towards  the 
upper  part  to  euphotide,  and  towards  the  lower  to 
micarslate.  The  euphotide  of  Val  Sesia  covers 
also,  immediately  according  to  M.  Beudant,  primi- 
tive mica-slate.  It  may  be  said  that  in  general  the 
euphotide  or  gabbro  is  a  mixture  of  diallage  (sma- 
ragdite),  jade  (saussurite,  tenacious  feldspar),  and 
lamellar  feldspar.  Sometimes  (Bergen,  in  Norway) 
jade  is  entirely  wanting;  but  in  the  Verde  di  Corsica 
(Stazzona,  at  the  north  of  the  Corte  and  S.  Pietro 
di  Rostino  in  the  island  of  Corsica)  euphotide  is 
only  a  mixture  of  jade  approaching  to  compact  feld- 
spar and  of  green  diallage  without  lamellar  feldspar. 
Although,  according  to  the  interesting  observations 
of  M.  Hauy  in  his  Tableau  Comparatif,  the  dial- 
lage metalloid  (schillerspath),whch  is  green  with  a 
silky  lustre,  and  the  grey  diallage  pass  progressively 
(rocks  of  Masinet  near  Turin)  into  each  other ; 
these  substances  may,  however,  be  distinguished 
by  the  geognostic  characters  which  they  most  fre- 
quently exhibit  in  great  masses.  The  euphotide 
with  grey  diallage  is  much  more  frequent  (a  little 
more  ancient?)  than  the  euphotide  with  green 
diailage.  Serpentine  is  almost  always  intimately 
connected  in  position  with  euphotide,  of  which  it 
seems  to  be  only  a  variety,  with  small  grains  of 
homogeneous  appearance.    This  connection  is  also 
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manifested  in  Hungary  (Dobschau),  where  M- 
Beudant  found  green  and  slaty  eupfaotide  imine- 
mediately  superposed  on  primitive  mic£(-9late.  Soda, 
according  to  the  labours  of  Theodore  de  Saussure 
and  Klaproth,  occurs  among  primitive  rocks  in  the 
compact  feldspar  of  whitestone  and  greenatoBe 
»late,  in  the  jade  of  the  euphotide,  and  in  t^ 
la?uUte  of  Baldakschan.  The  latter  substance  ap- 
pears to  belong  to  a  bed  of  primitive  limestone 
interposed  in  granite-gneiss.  Subordinate  beds  to 
euphotide :  serpentine  with  asbestos,  and  diallage 
metalloid ;  serpentine  accompanied  by  chryso- 
prase,  opal,  ^d  calcedony,  (Kosemitz,  in  Silesia); 
compact  greyish  limestone  passing  to  fine-grained 
limestone,  (Alten,  in  Norway).  This  limestone 
connects  the  euphotide  of  Scandinavia,  which  is 
the  last  member  of  the  priuutive  formatitms,  with 
very  ancient  intermediary  rocks.  Euphotide  being 
ollen  not  covered,  and  the  superposition  of  arocfc 
on  another  very  ancient  rock  throwing  no  light  on 
the  epocha  of  its  formation,  doubts  remain  of 
the  relative  age  of  many  euphotides,  M.  de  Buch 
saw  that  of  the  Upper  Valais  (Saas,  J^out-More) 
placed  above  mica-^ate ;  and  that  of  Sestri  at  the 
north  of  the  gulph  of  Spezzia, .  below  clay-slate 
(of  transition  ?),  in  the  Z^agua :  M,  de  Raumer, 
in  his  excellent  work  on  Lower  Silesja,  places 
the  schilleriels  (rock  of  achiller  sp^r)  of  ^obten- 
berg  apiong  the  primitive  formatipps,  M.  Kefer- 
Ateip  places  ampng  them  the  euphotid^e  ^f  the 
liartz  (between  Neustadt  and  Oderkrgg),  which 
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£(mt{UD8  disseminata  ferfi&rous  Utapiuo*  (ni- 
gnn&).  I  think,  a\sQ,  that  the  EiepeQtuies  of 
Ji[eidetKi;&  n^w  ZeW,  ^nd  titoee  found  betwftep 
^Mrlitz  and  Kotz&u,  wh^re  they  contain  pyrof- 
c^^di^^mde,  »re  very  ancient  AU  the  serpentines 
^*  the  niountains  of  BareuUi  appeared  to  me  to 
b^  closely  connected  with  horn^lende-slate  (horn- 
Ijl^n^-schie&r)  and  chlorite-sl^  (chlorit-schie* 
fer).  Tljey  posses  very  remarkable  magnetic  pro- 
perties, which  I  made  known  in  1796,  and  whicb 
h«.ve  since  been  the  object  Qf  the  more  accm^te 
reaearches  of  M-  &(.GDldfu8s,  Bischof,  and  Schnei- 
der.  La  taking  a  general  view  of  the  euphotides 
of  both  continents,  we  cannot  but  admit  several 
formations  of  very  different  ages.  The  eupho- 
tides which  I  observed  at  the  Isle  of  Cuba,  Gua- 
najuato, Mexico,  and  the  entrance  of  the  Llanos 
of  Venezuela,  are  connected  either  with  syenite, 
or  black  limestone,  and  appeared  to  me  to  be 
decidedly  transition  euphotides,  the  same  as  the 
euphotide  (serpentine  stratified  in  their  beds }  di- 
rect. N.  52°  E.  i  incl.  70°  at  the  N.  W. ;  thickness 
10  toises)  of  the  summit  of  the  Bochetta  of  Genoa, 
which  I  observed  in  1795  and  1805,  said  which  is  . 
imbedded  in  transition  clay>slate  that  alternates 
with  black  limestone.  The  euphotides  of  Spezzia, 
Prato,  and  the  whole  of  the  Siennese,  which  MM. 
de  Buch  and  Brocchi  consider  as  of  primitive  or 
very  ancient  transition  formation,  appear  to  M. 
Brongniart,  by  whom  they  have  recenUy  been 
examined  with  great  care,  to  belong  to  secondary 
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formations,  or  at  least  to  the  most  recent  trana- 
tion  formations.  The  celebrated  geognosts  whom 
I  have  just  named  agree  on  the  immediate  position 
of  these  euphotides  of  Italy,  that  is,  On  the  oryc- 
tc^ostic  determination  of  the  rocks  which  are 
found  below  and  above  the  euphotide ;  but  they 
differ  respecting  the  date  which  ought  to  be  as- 
signed  to  the  rocks  in  contact  with  it  Thus, 
in  geography,  we  sometimes  know  with  precision 
the  position  of  an  island  with  respect  to  the 
neighbouring  islands  j  while  the  absolute  longi- 
tude of  the  whole  group,  and  its  proximity  to  the 
old  or  new'continent,  may  remain  uncertain. 
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TRANSITION  FORMATIONS. 


The  Transition  formation,  according  to  M. 
Werner,  consists  of  rocks  which  exhibit  in  their 
composition  a  great  analogy  with  those  of  the 
primitive  formation,  but  which  alternate  with  brec- 
ciated  or  arenaceous  rocks  (aggregated  clastiqve 
rocks  of  transport).  Some  remains  of  organised  bo- 
dies (impressions  of  reeds,  palms,  arborescent  ferns, 
madrepores,  pentacrinites,  orthoceratites,  trilobites, 
hysterolites,  &c.)  appear  chiefly,  I  will  not  say 
in  the  upper  rocks,  or  the  least  ancient  of  that 
order,  but  in  general  in  the  non-feldspathic  rocks, 
the  mass  of  which  does  not  exhibit  a  very  crystal- 
line aspect. 

The  excellent  observations  of  MM.  de  Buch 
and  Brochant  have  contributed  most  to  extend  the 
limits  of  the  transition  formations.  Those  limits 
are  more  easijy  fixed  towards  the  upper  part,  where 
the  secondary  formations  begin,  than  towards  the 
lower,  where  the  primitive  formations  end.  I  have 
elsewhere  observed  in  what  manner,  through  the 
anthracitous  mica-slate  and  green  clay-slate,  trans- 
ition rocks  are  connected  with  primitive  rocks  j 
how,  through  the  porphyries  with  glassy  feld- 
spar, they  are  allied  to  volcanic  rocks;  and  by 
fine-grained  grauwacke  and  porphyries  abounding 
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in  crystals  of  quaitz,  to  the  red  sandstone  and  se- 
condary porphyries.  In  regions  the  most  distant 
irom  each  other,  analogous  rocks,  such  as  talcose 
clay-slate,  with  foliae  much  contorted,  and  car- 
boniferous, containing  ampelite  (alaun-schiefer)  and 
lydian  stone;  black  limestone  alternating  with  mica, 
date,  grauwacke,  and  porphyries ;  and  syenites 
mixed  with  titaneous  iron  ;  are  placed  between 
primitive  rocks  (that  is,  rocks  destitute  of  all 
traces  of  organised  bodies,  and  of  arenaceous 
masses,)  and  the  ^eat  coal  formation  (  but  the 
succession  of  homonymous  transition  rocks  varies 
even  where  they  all  seem  to  be  equally  developed. 
The  greatest  number  of  those  formations  are  com- 
posed of  two  or  three  alternating  rocks  (com- 
pact black  limestone,  greenstone,  and  clay-slate  ; 
grauwacke,  and  porphyry;  granular  limestone, 
[grauwacke,  and  mica-slate,  with  anthracite) ;  and 
as  the  partial  members  of  groups  or  formations  of 
MO  complicated  a  structure  pass  from  one  group 
to  another,  some  excellent  observers,  MM.  de 
Raumer,  d'Engelhardt,  and  Bonnard,  have  been 
so  much  struck  by  this  phenomenon  of  connection 
and  alternation,  that  they  recognise  in  the  whole 
class  only  one  great  family  of  rocks.  If  we  examine 
the  transition  formations  according  to  their  struc- 
ture and  their  oryctognostic  composition,  we  dis- 
.tinguish  five  very  strongly  marked  associations; 
the  schistose  rocks ;  the  porphyritic  rocks  (feld- 
spathic  or  syenitic) ;  granular  and  compact  lime- 
stone,   with   anhydrous  gypsum,    and  rock-salt ; 
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euphotides  and  the  aggregated  rocks  (grauwacke, 
and  calcareous  breccias).  On  some  pointa  o£  the 
globe,  one  only  of  those  groups  or  associations  pf 
crystallised  and  non-crystallised  rocks  has  received 
so  es^traordinary  a  developictent  that  the  other 
groMps  appear  almost  entirely  suppressed.  Thu$ 
ii^  the  Cordilleras  of  Mexico  and  Quito,  a$  well  as 
■^n  Hungary  and  several  parts,  of  Norway,  ihs^ 
porphyries  and  transition  syenite*  predominate; 
in  the  Tarentaise,  granular  and  talcose  limestone  ; 
in  some  paits  of  the  Alps,  and  at  Bochetta, 
black  limestone,  almost  compact  o^  »nall-grained ; 
finally,  iii  the  Hartz,  and  on  the  banks  of  the 
Rhine,  grauwacke  and  transition  clay-slate;  but 
this  thickness  and  extent  which  th^e  n>)ner^  masses 
attain  to  ought  not  to  determine  the  geognosy 
when  he  discusses  the  relative  age  of  parti3l 
formaticHis.  A  very  great  variety  trf"  position  is  ob- 
served not  only  in  the  small  formations,  but  the 
great  hMnonymous  formations  also,  whei>  much  de- 
veloped, can  scarcely  be  considered  as  contempo- 
rary i  that  is,  they  do  not  hold  the  same  position! 
with  respect  to  the  other  terms  of  the  series  of 
the  intermediate  rocka.  The  porphyries  of  Gubi- 
naxuato,  for  iustance,  are  situated  on  ,a  ste^tic 
and  carboniferous  clay-slate,  and  those  of  Hungary 
rest  on  a  talcose  mica-slate  of  transition,  containing 
beds  of  dark-grey  limestone.  The  porphyries  fff 
the  Andes  of. Quito,  (aqd  the  British  Islands?)  fP-r 
pose  immediately  on  primitive  rocks,  an4  ^^  CPfl- 
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sequently  anterior  to  every  limestone  rock  that 
contains  vestiges  of  organised  bodies :  on  the  con- 
trary, the  porphyries  and  zircon-syenites  of  Nor- 
way, and  probably  also  the  porphyries  of  Caucasus, 
so  well  examined  hy  MM.  d'Engelhardt  and  Parrot, 
succeed,  according  to  the  age  of  their  formation,  to 
limestone  filled  with  orthoceratites.  The  most  con- 
siderable masses  of  grauwacke  (alternating  with 
grauwacke-slate)arenodoubtdevelopedamongstthe 
most  ancient  transition  slates;  but  we  also  find  very 
large  beds  of  grauwacke  of  a  much  more  recent 
origin.  In  general,  the  five  groups  of  rocks  which 
we  have  just  distinguished  according  to  the  relations 
of  composition,  or  the  oryctognostic  characters,  do 
not  preserve  every  where  the  same  place  in  the  series 
of  intermediate  formations ;  they  are  not  found  dis- 
tinctly separated  in  nature  as  in  a  oryctognostic 
classification.  Clay-slate  and  black  limestone,  clay- 
slate  and  porphyry,  clay-slate  and  grauwacke,  por- 
phyry and  syenite,  granular  limestone,  anthracitous 
mica-slate,  are  observed,  to  form  geognostic  asso- 
ciations in  countries  the  most  remote  from  each 
other.  The  constancy  of  these  binary  or  ternary 
associations  characterises  the  transition  formations, 
much  more  than  the  analogy  which  the  succes- 
sion of  homonymous  rocks  presents  in  every  group. 
In  a  discussion  on  the  primitive  series  of  rocks 
where  the  formations  are  more  simple,  better  de- 
fined, and  less  subject  to  frequent  alternations,  I 
have  attempted  to  enumerate  separately,  the  granites- 
which  succeed  to  gneiss,  and  the  gneiss  which  suc- 
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ceeda  mica-slate.  There  are  primitive  granites  and 
^eiss  of  different  ages,  as  in  the  transition  form- 
ations grauwacke  or  black  limestone  occur,  ^milar 
in  composition,  but  very  d^tant  from  each  other 
in  their  relative  antiquity.  If  in  these  latter  form- 
ations, the  geognost  does  not  attempt  to  name 
sepwately  the  different  beds  of  grauwacke  or  of 
linaestone,  it  is  because  these  beds  separately  have 
no  value  as  terms  of  the  series  of  intermediate 
rocks,  but  only  inasmuch  as  they  make  a  part  of 
certain  groups.  But  these  groups,  those  constant 
associations  of  clay-slate,  greenstone,  and  grau- 
wacke, of  steatitic  limestone  and  grauwacke,  por- 
phyry and  grauwacke,  &c.,  are  the  true  terms  of 
the  series.  It  thence  results,  that,  according  to 
the  principles  which  we  follow  in  the  arrangement 
of  formations,  we  ought  to  enumerate  separately, 
not  insulated  masses  of  limestone,  of  grauwacke, 
and  of  porphyry,  which  are  mixed  together  or 
with  other  rocks,  but  entire  and  well  characterised 
groups ;  those,  for  instance,  in  which  grauwacke 
and  clay-slate,  porphyry  and  syenite,  predominate. 
Some  among  these  last  are  posterior,  and  others 
are  anterior .  to  the  rocks  that  contain  vestiges 
of  organised  beings.  In  the  primitive  formations 
the  terms  of  the  series  are  generally  simple ;  in 
transition  formations  they  are  all  complex ;  and 
from  this  complicated  nature  arises  the  difficulty 
of  studying,  step  by  step,  an  edifice  of  which  we 
can  with  difficulty  comprehend  the  order  amidst  a 
confusion  of  similar  parts.  To  justify  the  order 
K  3 
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Vhidi  I  assign  to  the  different  transition  formationi^ 
i  shall  begin  by  presenting  in  the  following  table 
the  Buccession  of  formations  (beginning  with  the 
most  ancient)  which  have  been  observed  in  several 
countries,  and  carefully  examined.  I  shall  em- 
ploy only  the  oreographic  description  of  geognosts 
who  have  been  accustomed  to  follow  the  same 
principles  in  the  denomination  of  rocks. 

1.  Akdee  of  Quito  and  Peru. 

transition  porphyries,  not  metalliferous,  covering  imme- 
diately the  primitive  rocka  (granite,  clay-ilate). 

Greenitone  in  balU  (kngelgestetn). 

Black  limestone  superposed  on  porphyry. 

I  saw  no  grauwacke ;  it  is  replaced  in  the  Andes  of  Quito 
and  Peru,  at  the  south  of  the  equator,  by  the  great  porphyry 
fbriUation.  , 

^.  Mountains  of  Venezuela. 

Green  steatitic  transition  slate,  covering  primitive  gneiss- 
mica-slate. 

Black  limestone. 

Serpentine  and  greenstone,  covered  hy  amygdaloid,  with 
pyroxene. 

This  is  the  succession  of  rocks  which  I  observed  at  the 
northern  bank  of  the  Llanos  t^Calabozo. 

3.  Mountains  of  Mexico. 

TranailJon  clay-slate,  with  carbon,  and  containing,  also 
beds  of  syenite  and  serpentine.  The  lower  beds  pass  to 
lUb-sIate,  and  repose  <m  primitive  rocks. 

Syenite  alternating  with  greenstone. 

Transition  porphyry,  metalliferous  and  placed  immediately 
on  transition  clay-slate.  The  upper  beds  pass  into  pho- 
Bolite. 
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Such  is  the  serieB  of  rocks  of  Guanaxuato.  In  the  rovd  &em 
Mexico  to  Acapulco,  I  saw  the  truisition  porphyriea  resting 
inmiediately  on  priinitivE  granite.  Near  Tntomlco  these 
porphyries  are  covered  by  secooduy  rocks,  such  as  alpine 
limestone,  sandstone,  and  gypsum,  mixed  with  cUy.  I  shall 
not  decide  on  the  age  of  the  transition  Umectone  of  the  mines 
of  the  Doctor,  and  Zimapan,  aor  on  that  of  the  porphyries  of 
Guanaxuato  and  Fachuca;  but,  according  to  MM.  Sonne^ 
Schmidt  and  Valencia,  in  iJie  rich  mines  of  Zacatecas,  Dearly 
as  at  Guanaxuato,  syenite  and  transition  clay-slate  (with 
greenstone  and  lydian  stone),  grauwacke,  and  non-metalltfer- 
OUB  por^yry,  follow  in  suocessiwi  from  below  upwards. 


4.   HUHGABY. 

Transition  mica-slate,  with  beds  of  black  limestone,  resting 
on  primitive  rocks. 

Transition  porphyries  and  syenites.  Subordinate  beds;  trans- 
ition mica-slates ;  white  granular  limestone  with  serpentine ; 
masses  of  greenstone.  These  porphyries,  like  the  greatest  part 
of  those  in  the  Andes,  are  immediately  covered  by  white  and 
blftck  syenitic  trachytes.  (Obienatiom  ofM.  Bettdant^ 


5.  Tarkmtaisk. 

A  single  formation,  reposing  Immediately  on  primitive  rocks, 
contains  steotitic  granular  limestone,  mica-slate  with  gneiss, 
and  anthracitous  grauwacke.  These  different  rocks  alternate 
several  times,  and  exhibit  subordinate  beds  of  serpentinei 
greenstone,  compact  quartz,  and  transition  gypsum,  {iihtero- 
ationt  ofM.Brochani  de  VilUers). 

6.  Switzerland. 
In  the  pass^^  of  the  Alps,  from  Chiavenna  to  Glaris,  ac- 
cording to  M.  de  Buch :  — 

Transition  clay-slate,  with  beds  of  grey  limestone,  reposiiig 
on  clay-slate,  and  primitive  mica-slate. 
Serpentine  with  garnftts. 

rV:  X   4 
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ISack  limestone. 

Grauwacke. 

Clay-slate,  alternating  with  black  limestone. 

Clay-slate,  with  impreeeions  of  fish  (almost  secondary). 

In  the  vicinity  of  Bex,  according  to  M.  de  Charpentier. 

Grauwacke,  superposed  or  (primitiTe?)  gneiss. 

Black  limestone,  containing  belenmites,  and  alternating  with 
transition  clay-slate. 

Argillaceous  limestone  of  transition  with  ammomtes,  sub- 
ordinate beds  of  grauwacke,  anhydrous  gypsum,  and  rock- 
salt. 

M.  de  Buch,  according  to  geognostic  observations  made 
before  the  year  180*,  assigned  to  the  transition  formations  in 
the  west  of  Switzerland,  considered  in  a  general  point  of  view, 
and  in  passing  from  the  lower  to  the  upper  rocks,  the  follow- 
ing order ; — 

Transition  clay-slate,  black  limestone,  saliferous  muriacite, 
and  gypsum;  grauwacke,  black  limestone,  clay-slate,  with 
impressions  of  fish, 

7.  Germany. 

System  of  position  in  Saxony,  between  Freiberg,  Maxen, 
and  Meissen,  according  to  MM.  de  Raumer  and  Bonnard. 

Clay-slate,  with  ampelite  and  lydian  stone,  alternating  at  the 
same  time  with  grauwacke,  greenstone,  porphyry,  and  lime- 
stone.    This  formation  reposes  on  primitive  gneiss. 

Syenite  and  porphyry.  In  this  formation,  which  abounds 
also  in  Thuringerwald,  according  to  the  excellent  description 
of  M.  Heim,  transition  gneiss  and  granite  are  found  sub- 
ordinate. 

The  Hartz  and  Western  Germany,  (between  the  Rhine  and 
the  Lahn,)  contain  a  great  formation  of  clay-slate,  in  which, 
as  if  by  interior  development,  masses  of  grauwacke,  andgrau- 
wacke-slate,  limestone  (often  of  a  light  colour),  greenstone, 
quartz,  and  porphyry  appear.  The  latter  rock  is  here  more 
rare,  however,  than  in  the  independent  formation  of  syenite  and 
porphyry,  which  supports,  in  other  countries,  transition  clay- 
riate. 

8.  Peninsula  of  the  Cotbntin  and  Bhetagne. 
Green  shining  steatitic  (clajr-slate  of  transition),  alternating 
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sometimes  with  grauwacke,  with  black  limeBtone,  and  with 
quartz-rock. 

Syenite  and  granite. 

Transition  clay-alate,  BometimeB  again  covering  syenite. 
(Odseroatiow  of  MM.  Brongniart  and  Omaliug  iTHdloy.) 

9.  British  Islands. 

Tranaition-syenite  and  porphyry  reposing  on  primitive  rocks, 
(Snowdon,  the  Grampians,  Ben-Nevis). 

Transition  clay-siate,  with  trilobites,  containing^  in  the  lower 
beds,  a  conglomerate  of  primitive  rocks,  similar  to  that  a[ 
Valoniine,  (Llandrmdod,  Killamey,  summit  of  Snowdon). 

Grauwacke,  (May-hill,  and  North  Wales). 

Transition  limestone,  (Longhope,  Dudley). 

Grauwacke,  old  red  sandstone,  (Mitchel-Dean  in  Hereford- 
shire). 

Transition  limestone,  mountain-limestone  (Derbyshire)  cover- 
ed by  the  great  coal  formation.  (Obiervationt  of  Mr.  Buct- 
Umd,  who  seemsi  however,  to  regard  the  syenite  and  part  of 
the  porphyries  as  primitive.) 

10.  Norway. 

Position  of  the  rocks  near  Christiania,  according  to  the  ob- 
servations of  M.  de  Buch. 

Transition  clay-slate,  alternating  with  black  limestone  with 
orthoceratitee,  and  reposing  on  primitive  gneiss,  grauwacke 
and  Itiesel-schiefer. 

Porphyry  with  crystals  of  quartz,  containing  a  bed  of  porous 
greenstone,  with  pyroxene,  zircon-sienite,  and  transition  grtinito 
with  porphyritic  beds. 


Clay-sIate,  perhaps  transition  black  limestone  with  ampe- 
lite. 

Transition  porphyries,  alternating  with  clay-slate.  This  por- 
phyry, often  columnar  with  vitreous  feldspar,  a  little  quartz, 
and  little  mica,  resembles,  in  the  mountains  of  Kasbek  (as 
porphyries    do  often  on  the  Mexican  summits)   porous  tra< 

Transition  gneiss,  syenite,  and  granite  in  alternating  beds. 
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Tywtsition  cla^^Ute,  covered  with  fetid  HniMtoite,  which 
appears  to  be  eecondary.  (Obteroationt  of  MM.  Eng^kar^ 
and  Parrot.) 


We  may  perceive  in  these  different  types  of  super- 
position, collected  in  Europe,  America,  and  Asia, 
at  the  north  and  south  of  the  equator,  that  among 
the  most  ancient  transition  rocks,  three  great 
formation^  that  of  talcose  granular  limestone, 
grauwacke  with  anthracite  and  mica-slate,  that  of 
syenite  and  porphyry  (with  crystals  of  hornblende, 
and  very  little  quartz),  and  that  of  clay-slate,  grau- 
wacke, and  black  limestone,  occupy  nearly  the 
same  rank  oij  different  points  of  the  globe.  The 
micaceous  limestone^  and  pudding-stones,  with 
fragments  of  primitive  rocks  of  Tarentaise  j  the 
porphyries  and  syenites  of  Peru ;  the  transition 
clay-slate  with  grauwacke  (Hartz,  Friedrickswalde 
in  Saxony,  Aggersely  in  Norway,  and  Guanaxuato 
in  Mexico),  are  perhaps  of  contemporary  origin. 
In  ranging  the  rocks  as  teims  of  a  single  series, 
we  ought  perhaps  to  have  called  to  mind  their 
parallelism  in  the  following  manner:  II  (I  or  III). 
I  consider  as  terms  of  the  series  of  transition  rocks 
six  groups,  which  appear  to  me  to  be  well  cha- 
racterised by  the  predominating  rocks,  by  their  po- 
sition, and  by  the  extent  of  their  masses.  These 
groups  or  great  formations  are,  J.  Steatitic, 
granular  limestone,  transition  mica-slate,  and  grau- 
wacke with  primitive  fragments.  II.  Porphyry 
(not  metalliferous)  anterior  to  orthoceratite  lime- 
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stone,  to  transition  clay-slate,  and  mica-slate.  III. 
Clay-slate  containing  grauwacke,  limestone,  por- 
phyry, and  greenstone.  IV.  Porphyry  and  sye- 
nite (metalliferous)  posterior  to  transition  clay- 
slate  anterior  to  limestones  containing  organic 
remains.  V.  Porphyry,  syenite  and  zircon-gra- 
nites (not  metalliferous)  posterior  to  clay-slate 
and  limestone  with  orthoceratites.  VI.  Transi- 
tion euphotide  with  jasper  and  serpentine.  Al- 
most every  group  is  composed  of  alternating 
rocks,  and  several  of  those  rocks,  which  may  be 
considered  as  small  partial  formations,  are  com- 
mon to  all  the  groups.  It  is  this  usual  occurrence 
this  alternation,  this  periodical  return  of  the  same 
masses,  which  constitute  the  apparent  unity  of  the 
great  family  of  transition  formations.  In  each  group, 
however,  certain  rocks  predominate  that  give  it  a 
peculiar  aspect  Such  are  the  talcose  and  granular 
limestones  in  the  first  group  j  non-metalliferous 
porphyries,  abounding  in  hornblende,  and  almost 
destitute  of  quartz,  in  the  second  j  grauwacke 
in  the  third ;  serpentine  rocks  in  the  sixth.  The 
fourth  and  fifth  groups  are  characterised,  one 
by  metalliferous  porphyries  and  syenites  j  the 
other  by  zircon-granites.  But  these  characters  are 
partly  oryctognostic;  the  real  basis  of  the  divi- 
sion which  we  propose  provisionally  to  geognosts, 
are  the  superposition  and  relative  age  observed  in 
different  parts  of  the  globe.  One  part  of  the  Mex- 
ican and  Peruvian  porphyries  of  the  second  and 
even  of  the  fourth  group,  appears  to  have  an  inti- 
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mate  relation  with  trachytes,  which  are  the  most 
ancient  among  volcanic  rocks. 

Before  I  describe  in  detail  the  six  great  inter- 
mediary formations,  I  shall  mention  some  general 
considerations  on  the  transition  formation,  which  is 
most  frequently  placed  in  conformahle  position  on 
primitive  rocks.  Magnesia,  oxidulated  iron  (the 
magnetic),  which  furnishes  such  striking  geognostic 
relations  with  every  substance  in  which  magnesia 
predominates ;  titaneous  iron  ;  carbon,  and  carbo- 
nate of  lime,  penetrate  through  the  greater  part  of 
transition  formations.  M.  Beudant  has  made  the 
important  observation,  that  the  syenite  and  por- 
phyry of  Schemnitz,  Plauen,  and  Guanaxuato 
effervesce  with  acids,  whilst  the  trachytes  (tra- 
chytic  porphyries)  of  Hungary  do  not  present  the 
same  phenomenon.  Saussure  and  M.  Brochant 
found  transition  mica-slates  that  effervesced,  (at 
la  T^te-Noire),  as  well  as  compact  quartz,  (in  the 
Tarentaise),  even  where  those  rocks  are  very  dis- 
tant from  the  interposed  beds  of  steatitic  granu- 
lar limestone.  I  saw  in  the  Cordilleras  of  Peru 
(Paramo  de  Yamoca),  and  also  in  the  Thuringer- 
wald-Gebirge  (between  Lauenstein  and  Grafen- 
thal),  a  clay-slate  which  exhibited  at  first  all  the 
characteristics  of  a  primitive  rock,  but  became 
effervescent  by  degrees,  and  contained  in  its  last 
beds  dispersed  nodules  of  darkish-grey  compact 
limestone.  The  carbonate  of  line,  at  first  dissemi- 
nated through  the  whole  mass,  becomes  gradually 
condensed  so  as  to  give  the  rock  a  glandular  struc- 
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ture,  and  forming  thin  alternating  strata,  and  Inter- 
posed beds,  and  finally,  granular  or  compact  lime- 
stone rocks,  that  replace  clay-slate,  mica-slate,  and 
euphotide,  in  the  midst  of  which  they  were  deve- 
loped. M.  Steffens,  in  his  Treaty  of  Oryctognosy, 
has  made  some  ingenious  observations  on  the  mutual 
relations  of  feldspar  and  hornblende  in  primitive, 
intermediary,  and  transition  formations,  and  in  the 
red  sandstone.  In  the  midst  of  the  second  of 
those  formations,  feldspar  appears  even  in  com- 
pact limestone.  We  may  suppose  that  in  passing 
from  granite  to  clay-slate,  through  gneiss  and  mica- 
slate,  this  substance  remains  hid  in  the  paste, 
which  is  only  homogeneous  in  appearance ;  since 
we  see  transition  clay-slate  sometimes  become  por- 
phyry, as  by  other  internal  developments,  by  ac- 
cumulations of  silica  and  carbon,  and  by  the  ag- 
gregation of  the  elements  of  hornblende,  it  becomes 
siliceous  schist,  anthracite,  greenstone,  and  syenite. 
We  distinguish  often  two  sorts  of  feldspar  in  trans- 
ition porphyries,  the  common,  and  the  vitreous, 
with  lengthened  crystals,  (Andes  of  Peru,  valley  of 
Mexico).  The  latter,  which  is  less  a  mineralogical 
species  than  a  particular  state  of  common  feldspar, 
belongs  to  transition-formations  as  well  as  to  real 
trachytes.  The  frequent  presence  of  hornblende, 
and  the  want  of  crystallised  quartz,  distinguish 
oryctognostically  many  transition  porphyries  from 
those  of  primitive  formations.  The  latter  are  per- 
haps only  subordinate  beds  to  other  rocks.  Horn- 
blende,  whicli   is  almost   confined  to  inteqiosed 
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beds  in  primitive  formation,  is  no  where  more  abun- 
dant than  in  the  transition  and  trachytic  formations. 
Among  the  ibrmer,  greenstone  and  syenite,  by  the 
change  of  proportions  in  the  elements  of  the  crys- 
talline substances,  produce  a  Itind  of  struggle 
between  feldspar  and  hornblende.  The  pyroxene, 
which  has  been  too  exclusively  thought  to  charac- 
terise the  trachytes,  basalts,  and  dolerites,  is  found 
in  several  transition  porphyries  of  the  Andes  and 
Hungary.  It  is  also  found  in  the  black  vesicular 
and  basaltic  beds  of  the  zirconisyenite  of  Norway. 
I  thought  I  had  observed  in  some  transition  por- 
phyries of  North  America,  traces  o£  olivine,  but 
they  were  no  doubt  only  varieties  of  pyroxene^ 
less  dark  and  greenish,  of  which  the  dihedral 
summits  can  scarcely  be  distinguished,  and  the 
fusibility  of  which  I  could  not  try  by  the  blow-pipe.. 
Olivine  belongs  properly  to  basaltic  formations;  it 
is  even  doubtfiil  if  it  occurs  in  the  trachytes. 
The  frequent  tendency  to  crystallisation,  which 
is  observed  in  transition  formations,  amidst  sedi- 
mentary and  aggregated  rocks,  is  so  extraordinary 
a  phenomenon,  that  some  celebrated  geognosta 
have  been  tempted  to  admit  that  many  of  those 
rocks  which  appear  aggregated  (under  the  fin-m 
of  breccias,  or  pudding-stones ;  clastic  and  are- 
naceous rocks;  transition  sandstone,  or  conglo- 
merates), far  from  containing  the  remains  of  pre- 
existent  rocks,  are  onJy  tlie  effect  of  a  confused  but 
eontemporafy  crystallisation.  Masses  which  hav? 
in  some  strata  been  coiisidered  as  distinct  £uigular 
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^ra^ents,  seem  ioscnsibly  to  dissolve  at  a  little 
distance  into  the  paste  of  ike  rock.  Other  masses, 
which  resemble  rolled  pebbles,  become  nodules 
adheriijg  strongly  to  the  curved  lajnms  of  a 
schist,  and  then  lengthen  and  vanish  by  degi'ees. 
When  we  compare  together  certain  geanites  and 
porphyries,  limestone  breccias,  grauwackes,  and 
red  sandstones*  we  imagine  that  we  perceive  in 
rocks  of  an  age  so  di&rent,  from  certain  indica- 
tions of  structure^  the  Insensible  passage  of  a  con- 
temporary formation  from  a  crystallisation,  simulta- 
neous, but  disturbed  by  particular  attractions  to  a 
real  aggr^ation  (agglutination)  of  the  debris  of 
pre-existing  rocks.  In  every  zone  granites  occur 
with  large  grains,  in  which  masses  with  small  grains 
very  micaceous  are  found  included  occasionally, 
and  which  appear,  at  first  sight,  to  contain  frag- 
ments c^  older  granite.  This  appearance  is  as 
fallacious  as  that  of  many  transition  porphyries, 
euphotides,  and  limestones,  which  antiquaries  and 
sculptors  designate  by  the  name  of  breccia,  or 
regenerated  rock.  The  pretended  fi-agments, 
often  striped  and  streaked  (in  the  verde  antico,  and 
the  limestones  most  sought  after  for  decorating 
the  interiors  of  edifices),  are  probably  only  masses 
which  were  the  first  consolidated  in  a  fluid 
agitated  strongly.  The  congealed  waters  of  our 
rivers,  and  various  mixtures  of  salts  in  our  labora^ 
tories  present  analogous  phenomena.  The  manner 
in  which  the  re>united  and  angular  fragments  of 
grauwacke,  those  of  calcareous  pudding-stone  with 
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a  granular  paste  and  compact  fragments,  and  those 
of  certain  red  sandstones,  appear  sometimes  to 
vanish  and  dissolve  in  the  whole  mass,  are  much 
more  difficult  to  explain  in  the  actual  state  oi 
our  knowledge.  It  cannot  be  doubted,  that  the 
frequent  alternation  of  strata  obviously  aggregated, 
and  strata  almost  homogeneous,  or  slightly  nodular, 
as  well  as  the  passage  of  these  masses  to  each  other, 
have  been  determined  by  very  accurate  observa- 
tions ;  and  M.  Bonnard  was  right  in  saying,  in  his 
Treatise  of  Formations,  "  that  this  phenomenon  is 
one  of  the  most  incomprehensible  which  we  meet 
with  in  the  study  of  geognosy."  Ought  we  to  ad- 
roit that  when  the  outline  of  imbedded  fragments 
disappears  almost  entirely,  there  has  been  but  a  short 
interval  of  time  between  the  soUdification  of  the 
fragments  and  that  of  the  paste  ?  We  shall  see 
shortly,  in  red  sandstone,  crystals  of  feldspar  oc- 
curring in  that  very  paste,  and  causing  it  to  resenn- 
ble  the  porphyry  of  the  red  sandstone.  (Steffens, 
Geognostisch  Gealog.  Aujs.,  p.  15,  l6.  23.  31. 
Freiesleben,  Ku;^ersch,  tom.  iv.  p.  115.) 

I.    GRANULAR     TALCOSE   LIMESTONE,      TRANSITION 
MICA'SLATE,  AND  GRAUWACKE  WITH  ANTHRACITE. 

§  20.  The  same  formation,  the  same  group 
contains  diiferent  limestones,  and  schistose-  and 
fragmentary  rocks,  alternating  with  each  other. 
This  formation  is  not  composed  of  those  insidated 
rocks  (like  the  formation  of  porphyry,  syenite,  and 
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greenstone),  but  of  three  partial  formations,  three 
series  or  systems  of  rocks.  The  most  complicated 
type  of  this  grouping  of  almost  contemporary 
rocks  is  developed  at  the  south-east  of  the  Alps, 
in  the  valley  of  Isere,  where  it  has  formed  the 
object  of  the  profound  researches  of  M.  Brochant. 
If  almost  all  the  terms  of  the  series  of  intermediary 
rocks  are  complex,  these  terms  or  great  formations 
do  not  vary  the  less  according  to  the  degree  of  that 
complex  disposition,  and  according  to  the  number 
and  nature  of  the  alternating  masses.  The  group 
fifths  TareTitaise  (the  same  by  which  we  shall  de- 
signate the  formation  §  SO.)  displays  in  its  structure 
and  composition  (in  its  granular  and  talcose  lime- 
stones, in  its  gneiss  and  mica-slates,)  so  much  the 
appearance  of  a  primitive  formation,  that  we  only 
recognise  its  relative  age  by  some  remains  of 
organic  bodies,  and  by  the  frequent  interposition 
of  arenaceous  beds  (pudding-stones,  breccias,  and 
grauwackes).  During  a  long  time,  therefore, 
geognosts,  neglecting  the  observation  of  alternation, 
and  the  unity  of  that  complex  formation,  placed 
the  pudding-stones  of  Valorsine  among  primitive 
rocks,  and  considered  them  merely  as  a  local 
phenomenon.  Later  and  more  widely  extended 
researches  have  made  us  acquainted  with  many 
analogous  facts.  These  pudding-stones  witii  primi- 
tive fragments  are  grauwackes  that  alternate  with 
micaceous  limestone,  or  with  green  clay-slate,  or 
with  transition  gneiss.  They  are  observed  in  the  Alps 
(Trient  au  Valais),  in  the  Tarentaise,  in  Ireland 
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in  the  mountains  of  Killamey  and  St.  David; 
finally,  on  the  eastern  coast  of  Egypt,  in  the  ralley 
of  Coaaier  (Qozir).  The  limestone  of  the  Taren- 
taise,  and  the  Little  St.  Bernard,  which  contains 
disseminated  crystals  of  feldspar,  and  which  consti- 
tutes a  species  of  porphyroid  rock  with  a  lime- 
stone basis,  is  found  in  analogous  &rmations  oi 
the  Alps  of  Carinthia.  This  phenomenon  of  the  as- 
sociation <^  lime  and  feldspar  is  so  much  the  more 
remarkable,  as  lamellar  feldspar,  and  granular  and 
compact  limestone,  appear  to  manifest  every  where 
else  in  their  geognostic  relations,  a  kind  of  repul- 
sion much  stronger  than  what  is  observed  in  some 
countries  between  hornblende  and  limestone. 
Transition  mica-slates  and  gneiss  have  been  long 
considered  as  belonging  exclusively  to  the  region 
south-west  of  the  Alps ;  but  they  are  also  found  in 
the  clay-slate  and  porphyry  formations  of  the 
Caucasus,  and  in  the  porphyry  and  ^enite  form- 
ations of  Saxony  and  Hungary.  In  general,  how- 
ever, the  formation  which  is  the  subject  trf  this 
article,  and  which  is  characterised  at  the  same  time 
by  the  absence  of  porphyries,  and  the  frequency  of 
talcose  and  granular  limestone,  micaceous  quartz, 
and  anthracites,  appears  to  have'  favoured  the  deve- 
lopment of  transition  mica-slates  and  gneiss,  more 
tjian  the  great  formations  of  porphyries  and  syenites, 
or  of  clay-slate  and  grauwEicke.  In  the  two  latter, 
on  the  contrary,  we  find  in  the  greatest  abundance, 
transition  granites,  which  are  crystalline,  granular, 
without  being-  laminar,  almost  destitute  of  mica. 
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aad  geognpstically  belcmging  (even  vhm  they  eoli- 
th no  trace  of  hornblende)  to  syenite,  as  transition 
mica-slates  and  gneiss  belcmg  to  micaceous  quEutz. 
Syenites,  whether  simply  forming  beds  in  green  clay- 
slate,  or,  constituting  with  porphyries  an  independ- 
ent formation,  announce  the  conunencement  of 
transition  granite  j  the  compact  or  slaty  qu^tz  con- 
taining s(^es  of  mica  (quartz  of  the  uithracitous 
limestone  formation,  quartz  of  transition  clay-slate, 
^id  porphyry,)  precede  transition  mica-slate  2nd 
gneiss,  which  has  been  justly  designated  as  porphy- 
roid  mica-slates  with  crystals  (and  nodules)  of 
feldspar.  These  various  modes  of  development  of 
granites  amiikt  syenrtic  rocks,  of  gneiss  ^d  nuca- 
slate  amidst  quartzose  rocks,  lead  us  to  understand 
why  gneiss  and  mica-slate  are  found  asspciftted  (vi- 
cinity of  Meissen,  in  Saxony,  and  western  declivity 
of  the  Caucasus,)  much  more  rarely  with  granite  of 
the  transition  formations  than  with  the  prunitive 
fbnnations.  It  may  be  said,  that  the  granites  of  the 
first  of  these  formations  are  only  beds  of  syenite 
having  no  hornblende,  and  that  the  greater  part  of 
Ixansition  mica-slates  present  only  modifications  (in 
certain  states)  of  a  micaceous  quartz  in  which  mica 
becomes  more  abundant.  These  changes,  how- 
ever, by  intemid  development,  are  not  always  made 
in  the  same  manner.  Sometimes,  also,  (valley  of 
MS^litz,  in  Saxony,)  transition  granite  rises  imme- 
diately Moidst  clay-slate,  and  the  syenites  of  Meis- 
sen and  Prasitz  pass  at  the  SMne  time  to  transition 
granite  and  gneiss. 

L  2 
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The  following  is  the  alternating  series  of  lime- 
stones, schists,  and  arenaceous  rocks,  which  consti- 
tute the  formation  that  we  place  at  the  head  of 
the  transition  groups. 

Talcose  granular  HmestoTie,  often  veined,  slaty, 
fetid  (like  the  granular  white  marble  of  the  isle 
of  Thasos),  mixed  with  grains  or  nodules  of  quartz, 
and  containing  (Sainte  Foix)  beds  of  transition 
serpentine.  Compact  Imestone,  yeUowish,  some- 
times grey,  ^id  containing  crystals  of  feldspar 
(Bonhomme,  Little  St.  Bernard,  and  valley  of  the 
Tarentaise.  Pudding-stones,  or  conglomerate  lime- 
stones, with  a  granular  paste  and  compact  fragments 
(Tarentaise  breccia  of  Villette).  These  three  rocks, 
which  form  a  subdivision  of  group  §  SO.,  alternate 
with  each -other,  and  with  the  schists  of  the  follow- 
ing series.  Compact  transition  limestones  some- 
times resemble  the  Jura  limestone,  and  sometimes 
pass  to  a  iine-gr^ed  limestone.  The  talcose  sac- 
charoid  limestone,  often  white  and  veined,  assumes 
the  aspect  of  the  beautifid  primitive  marble  of  Pen-' 
telicus  fCipoIino),  Hymettus,  and  Carystes  in  the 
island  of  Euboea.  The  remains  of  organised  bodies 
are  generally  wanting  in  this  limestone  series ;  but, 
as  we  sh^  soon  see,  the  rocks  of  that  series  alternate 
with  schists contaiiiingimpressionsofmonocotyledon 
plants.  M.  Brochant  has  even  discovered  a  pe- 
trifaction of  a  nautilus,  or  of  an  ammonite,  in  the 
calcareous  pudding-stones  of  La  Villette,  between 
Moutiers  and  St.  Maurice. 

Transition  clay-slaie,  either  striped,  and  contain- 
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ing  lamina!  of  interposed  limestone,  or  unctuous 
mixed  with  fibrous  talc  (mine  of  Pesey),  without 
any  visible  calcareous  parts,  but  eifervescing  with 
acids.  This  cldy-slate  contains  (Bonneval)  subor- 
dinate beds  of  greenstone. 

Compact  quartz,  or  quartzites,  either  without  mix- 
ture, or  micaceous,  and  belonging  to  granular  lime- 
stone, as  well  as  to  transition  clay-slate.  It  is  from 
the  accumulation  of  mica  in  these  masses  of  compact 
qu  artz  that  the  mica-slate  of  this  formation  arises, 
and  even  gneiss  ;  for  quartz  often  cont^ns  a  little 
feldspar  disseminated  in  the  mass.  Mica-slates,  pass- 
ing to  black  bituminous  schists  with  impressions 
of  plants,  (Montagny,  Little  St  Bernard,  Landry,) 
are  associated  with  anthracites,  and  alternate 
(Moutiers)  with  steatitic  limestone  and  grau- 
wackes,  or  pudding-stones  with  primitive  frag- 
ments. The  paste  of  these  conglomerates,  in  which 
quartz,  granite,  and  gneiss,  are  imbedded,  is  not 
always  of  the  nature  of  clay-slates,  as  in  the  grau- 
wackes  of  the  Hartz  (of  the  great  formation,  §22.)  ; 
it  most  frequently  resembles  mica-slate.  When 
the  fragments  become  very  rare  in  the  mass,  these 
rocks  are  confounded  with  real  transition  mica- 
slate. 

In  this  group,  composed  of  so  many  beds  alter- 
nating periodically,  the  schistose  series  with  an- 
thracite appears  a  little  newer,  when  we  consider 
the  great  masses,  than  the  limestone  series.  If,  on 
one  hand,  the  gypsums  of  the  Tarentaise  and  1' Al- 
lee-Blanche,contJuning  muriate  of  soda,  sulphur,  and 
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fuihydrous  sulphate  of  lime,  repose  simply  on  transi- 
tion fonnations,  without  being  very  visibly  covered, 
it  appears  no  less  certain,  from  the  interesting  dis- 
cussions of  M.  Brochant,  that  the  gypsum  of 
Cogne,  Brigg,  and  St.  Leonard  in  the  Yalais,  are 
interposed  in  transition  limestone  itself.  The  great 
formations,  §  80.  and  25.,  are  the  only  intenne- 
diary  rocks  in  which  porphyries  and  syenites  do 
not  appear  to  be  developed ;  and  they  are  also 
those  in  which  saccharoid  white  limestone  and 
masses  of  talc  abound  most.  Lamellar  feldspiu*. 
which  penetrates  into  calcareous  rocks  (feld- 
spathic  calciphyres  of  M.  Brongniart),  appears  to 
belong  only  to  the  formation  §  SO.  Anthracites  are 
commiHi  to  thi?  and  the  great  formation  of  day- 
slate  and  grauwacke,  §  S2. ;  but  they  are  less  fre- 
quent in  the  latter  formatirai,  where  the  carbon  is 
rather  disseminated  in  the  whole  mass  of  the  clay- 
slates,  lydian  stones,  and  limestones,  which  it  colours 
black,  than  concentrated  in  particular  beds.  An- 
thracite, as  M.  Briethaupt  has  well  observed.  Is  a 
more  ancient  formation  than  coal,  and  a  mc^e  re- 
cent formation  than  graphite,  or  carburetted  iron. 
Gallon  becomes  more  hydrogenetted  in  proportic»i 
as  it  approaches  the  secondary  rocks.  These  rocks 
bear  the  same  geognostic  relation  to  coal  as 
anthracite  to  transition  rocks,  and  the  graphite 
to  primitive  rocks.  I  do  not  know  any  limestone 
formation  in  the  Andes  which  resembles  those  con- 
tained in  the  group  §  SO.  I  saw  at  Contreras 
only,  at  the  eastern  foot  of  the  Cordillera  of  Quin- 
15 
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diu  (New  Grenada),  a  transition  limestone,  not 
compact,  but  very  granular,  bluish  grey,  mixed 
with  griuns  of  quartz,  and  coDtaining  siliceous 
masses  resembling  pitchstone.  These  masses  are 
traversed  by  veins  of  calcedony.  The  position  of 
this  limestone  of  Contreras,  in  the  midst  of  a  form- 
ation of  sandstone  and  secondary  gypsum,  is  diffi- 
cult to  determine. 

II.  TRANSITION  PORPHYRY  AND  SYENITE  IMME- 
DIATELY COVERING  PRIMITIVE  ROCKS,  BLACK 
LIMESTONE,    AND    GREENSTONE. 

§  21.  This  is  the  great  formation,  destitute  of 
grauwacke,  of  South  America.  It  presents  some 
problems  very  difficult  to  solve,  and  comprehends 
the  transition  porphyries  of  the  Andes  of  Popayan, 
and  of  that  part  of  Peru  which  I  passed  over  in 
returning  from  the  Amazon  river  to  the  SouUi 
Sea.  Previously  to  any  detailed  description  of  this 
formation,  I  shall  take  a  general  view  of  the 
porphyroid  rocks  of  equinoxial  America,  which 
have  been  the  principal  object  of  my  geognostic 
researches.  If,  as  M.  Mohs  has  well  observed,  grau- 
wacke characterises,  pre-eminently,  in  Germany 
and  a  great  part  of  Europe,  the  intermediary  form- 
ations, we  may  in  the  equinoxial  region  of  the 
new  continent  regard  porphyries  as  the  principal 
type  of  those  formations.  No  other  chain  of  moun- 
tains contains  a  greater  mass  of  porphyries  thair 
the  Cordilleras,  which  extend,  ahnost  in  the  di- 


jbyGooglc 


rection  of  a  meridian,  2500  leagues  from  one 
hemisphere  to  the  other.  These  porphyries,  in 
part  rich  in  ores  of  gold  and  silver  (§  23.), 
are  most  frequently  associated  with  trachytes,  by 
which  they  are  covered,  and  through  which  the 
volcanic  agents  still  penetrate.  This  association  of 
metalliferous  rocks  with  rocks  produced  or  changed 
by  fire  would  less  astonish  the  geognosts  of  Eu- 
rope, if  it  did  not  extend  to  gold  and  silver,  but 
only  to  specular  (fer  oUgiste)  iron,  oxidulated 
iron  (fer  oxidul6)  titaneous  iron,  and  muriate  of 
copper.  This  phenomenon  is  one  of  the  most 
striking  and  most  opposed  to  the  opinions  long 
entert^ned  by  celebrated  men.  It  is,  however, 
a  iact  very  necessaiy  to  be  well  determined,  that 
there  is  a  proximity  of  position,  and  sometimes 
an  anal<^y  in  the  composition,  without  an  identity 
of  formation.  The  method  we  have  adopted 
of  circumsenbing  different  formations  according 
to  their  superposition,  and  the  nature  of  the  rocks 
by  which  they  are  covered,  will,  I  flatter  my- 
self, serve  to  throw  some  light  on  the  relations 
which  are  observed  between  transition  porphyries, 
trachytes,  and  (secondary)  porphyries  of  the  red 
sandstone.  I  shall,  at  the  same  time,  indicate  the 
places  where  limits,  as  strongly  marked  as  the  actoal 
state  of  our  systematic  divisions  seem  to  require, 
have  not  yet  been  discovered  in  nature. 

The  porphyries  of  South  America  may  be  con- 
sidered in  two  ways ;  according  to  their  get^ra- 
phical    position,   and  according  to    the  dates  of 
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their  formation.  We  find  in  Europe,  transition 
porphyries  and  syenites  (Saxony,  Vosges,  Nor- 
.way,)  generally  distant  from  trachytes  (Sieben- 
gebirge,  near  Bonii,  Auvergne)  j  it  happens, 
however,  also,  that  porphyries  and  trachytes 
are  found  united  (Hungary);  and  then  the 
former  are  sometimes  metalliferous.  In  South 
America,  porphyries  and  trachytes  are  all  found 
together  on  a  narrow  land,  in  the  most  western  and 
most  elevated  part  of  the  continent,  on  the  shore 
of  that  immense  basin  of  the  Pacific  ocean  which 
is  bounded,  on  the  side  of  Asia,  by  the  volcanoes 
and  trachytic  rocks  of  the  Kuriles,  Japanese, 
Philippine,  and  Molucca  Islands.  At  the  east  of  the 
Andes,  throughout  the  whole  eastern  part  of  South 
America,  on  a  space  of  ground  of  more  than 
500,000  square  leagues,  no  transition  porphyry,  nor 
real  basalt  with  olivine,  nor  trachyte,  nor  burning 
volcano,  have  been  observed  either  in  the  plains  or 
the  groups  of  insulated  mountains.  The  phenomena 
of  the  trachyte  formation  appear  to  be  confined  to 
the  ridge  and  the  line  of  the  Andes  of  Chili,  Peru, 
New  Grenada,  Saint  Martha,  and  Merida.  I 
announce  this  circumstance  in  a  particular  manner, 
in  order  that  travellers  may  be  induced  to  con- 
firm it  by  farther  examination,  or  refute  it  In  the 
same  region,  which  extends  from  the  eastern  de- 
clivity of  the  Andes  towards  the  coast  of  Guiana 
and  Brazil,  gold«  platina,  palladium,  tin,  and  an 
immense  quantity  of  specular  and  magnetic  iron 
liave  been  found ;  but  amidst  many  indications  of 
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sulphuret  or  muriate  of  silver,  no  mine  has  been 
discovered  which  can  be  compared  in  richness  to 
those  of  Peru  and  Mexico.  I  did  not  see  transi- 
tion porphyries,  nor  the  porphyries  of  red  sand- 
stone, in  the  chain  on  the  coast  of  Venezuela,  in 
the  Sierra  de  la  Parima,  nor  in  the  pl^dns  between 
the  Oroonoko,  the  Rio  Negro,  and  the  Amazon 
river.  To  the  east  of  the  Andes,  I  know  but  one 
small  portion  of  the  trachyte  formation  near  Para- 
para  (northern  border  of  the  Llanos  of  the  Cara- 
cas), where,  in  a  spot  highly  interesting  to  geo- 
gnosy, phonoHte  and  mandelstein  with  pyroxene 
are  superposed  on  transition  serpentines  and  clay- 
slates  ;  but  these  phonolites  are  found  on  the  bor- 
der of  the  chain  of  the  Cordillera  of  Caracas,  which 
18  connected  by  Nirgua,  Tocuyo,  and  the  Paramo 
of  Niquitao,  to  the  Andes  of  Merida.  M.  d'Esch- 
wege  found,  in  Brazil,  some  porphyries  interposed 
by  beds  in  primitive  formations  of  granite-gneiss ; 
but  he  thinks,  also,  that  this  vast  country  is  desti- 
tute of  independent  formations  of  transition  por- 
phyry, trachyte,  basalt,  or  dolerite.  The  very 
great  length  of  the  rivers  in  America,  and  the 
number  of  their  tributary  streams,  facilitate,  by  the 
examination  of  rolled  stones,  the  knowledge  of 
those  parts  of  the  country  which  have  not  been 
visited.  I  collected  between  Carare  and  Honda, 
in  the  midst  of  a  formation  of  sandstone,  fragr- 
ments  of  trachytes  which  the  river  Magdeleine 
receives  from  the  Andes  of  Antioquia  and  Her\'eo 
(New  Grenada). 
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Widi  respect  to  the  nature  of  the  formations  of 
porphyry  which  exist  so  abundantly  in  the  western 
and  mountainous  land  of  South  America,  and  in 
that  of  Mexico,  which  is  but  a  prolongation  of  Ihe 
same  land,  we  shall  describe  two  very  distinct 
groups  in  that  place.  The  first  (§  21.),  not  metal- 
Uferous,  reposes  immediately  on  primitive  rocks  j 
the  second  (§  S3.),  often  metalliferous,  rests  on 
clay-slate,  or  on  talcose  slate,  with  transition  lime- 
stone ;  both  of  these  by  their  position  and  com- 
position sometimes  resemble  trachytic  porphyries, 
as  the  porphyries  of  the  group  §  22.  resemble  those 
of  the  red  sandstone.  In  fact,  the  transition  por- 
phyries of  the  Andes  of  Peru  and  Mexico  are 
often  found  covered  by  trachytes,  while  the  por- 
pOiyries  of  some  parts  of  Germany  are  covered 
by  the  secondary  formation  of  red  sandstone,  which 
contains  in  its  turn  porphyries  and  mandelsteiu. 
f  n  equinoxial  America,  the  limits  between  transi- 
tion porphyries  and  real  trachytes  known  to  be 
volcanic  rocks  are  not  easy  to  fix.  In  ascending 
from  the  pOTphyries  which  contain  the  rich  silver 
iniiies  of  Pachuca,  de  Real  del  Monte,  and  of 
Morau,  (porphyries  destitute  of  quartz,  but  often 
abounding  in  hornblende  and  common  feldspar,) 
towMds  the  white  trachytes  with  pearl-stone  and 
obsidian  of  Oyamel,  and  of  Gerro  de  las  Navajas 
(mountain  des  Couteaux,  to  the  east  of  Mexico) ; 
and  in  passing,  in  the  Andes  of  Popayan,  transition 
porphyries  covered  on  swne  points  with  fine- 
grained black  limestone,  to  the  pumice-trachytes 
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that  surround  the  volcano  of  Purac6,  we  find  in- 
tennediaiy  porphyritic  rocks,  which  we  are  tempted 
sometimes  to  regard  as  transition  porphyries, 
sometimes  as  trachytes.  To  this  may  be  added, 
that  amidst  these  porphyries  of  Mexico  so  rich 
in  gold  and  silver,  we  observe  beds  (Villal- 
pando  near  Guanaxuato,)  destitute  of  hornblende, 
but  containing  slender  crystals  of  glassy  feldspar. 
They  cannot  be  distinguished  from  the  phonolites 
(porphyr-schiefer)  of  Bilioer-Stein,  in  Bohemia. 
Generally,  as  the  learned  professor  of  mineralogy 
at  Mexico,  M.  Andres  del  Rio,  one  of  the  most 
distinguished  piipils  of  the  school  of  Werner,  had 
observed  before  me,  the  transition  porphyries  of 
New  Spain  contain  two  species  of  feldspar,  the 
common  and  the  vitreous.  It  appeared  to  me, 
that  the  latter  becomes  more  abundant  in  the 
upper  beds,  in  proportion  as  we  approach  the 
trachyte-porphyries. 

In  the  equinoxial  part  of  the  new  continent,  we 
are  as  much  embarrassed  by  the  connection  of  the 
porphyries,  often  argentiferous,  with  the  trachytes 
containing  obsidian,  as  we  are  in  Europe  by  the 
closeconnection  of  the  last  transition  rocks  with  the 
most  ancient  secondary  rocks,  or  the  alternation  of 
transition  mica-slates,  which  have  every  appearance 
of  primitive  rocks  with  grauwacke  and  very  an- 
cient conglomerates.  The  source  of  this  embarrass- 
ment is  not,  however,  the  same.  There  is  nothing 
extraordinary  in  seeing  fragmentary  rocks,  or  rocks 
containing  orthoceratites,  madrepores,  and  encri- 
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nites,  succeeded  by  rocks  destitute  of  organic  fe- 
mains,  and  resembling  gneiss  and  primitive  mica- 
slate.  This  alternation,  this  local  and  periodical 
absence  of  living  beings,  manifests  itself  even  in 
secondary  and  tertiary  formations;  it  appears  to 
indicate  different  states  of  the  surface  of  the  globe, 
or  of  the  bottoms  of  the  basins  in  which  the  stony 
deposits  have  been  formed.  On  the  contrary,  the 
association  of  transition  porphyries  and  trachytes, 
and  the  frequent  passage  of  these  rocks  -into  each 
other,  are  phenomena  that  ^eem  to  loosen  the  bases 
of  those  geogonic  principles  which  have  been  most 
generally  received.  Must  we  consider  trachytes, 
pearlstone,  and  obsidian,  as  of  the  same  origin 
with  clay-slates  containing  trilobites,  and  black 
limestones  with  orthoceratites  ?  Or  ought  we  not 
rather  to  admit,  that  the  domain  of  volcanic 
action  has  been  too  much  limited ;  and  that  these 
porphyries,  partiy  metalliferous,  destitute  of  quartz, 
but  containing  hornblende,  vitreous  feldspar,  and 
even  pyroxene,  are  with  respect  to  their  origin  and 
relative  age  connected  -with  trachytes,  as  these  tra- 
chytes formerly  confounded  with  transition  por- 
phyries by  the  name  of  trap-porphyries  are  con- 
□ected  with  basalts  and  real  lava  ejected  by 
burning  volcanoes?  The  first  of  these  hypothe- 
ses appears  to  me  to  disagree  with  all  that  has 
been  observed  in  Europe,  and  aU  that  I  have  been 
able  to  collect  respecting  the  obsidian  and  pearl- 
stone  at  the  peak  of  Teneriffe,  and  at  the  vol- 
canoes of  Popayan  and  Quito.     The  second  hypo- 
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thesis  will  appear  less  hazardous,  less  devoid  of 
probability,  perhaps,  when  we  no  longer  limit  the 
idea  of  volcanic  action  to  the  effects  produced 
by  the  craters  of  our  burning  volcanoes;  and 
when  we  consider  that  actitm  as  owing  to  the 
high  temperature  which  every  where  prevails  at 
great  depths  in  the  interior  of  our  planet.  We 
have  seen  within  the  period  of  history,  even  in 
that  part  nearest  to  our  time,  rocks  of  trachyte 
rise  out  of  the  sea  without  flames,  without  any 
^ecticBi  of  scoria  (Archipelago  of  Greece,  the 
Acores,  and  Aleutiennes  isles) ;  we  have  seen 
balls  of  basalt,  in  cMicentric  layers,  issue  from 
the  earth  completely  formed,  and  collect  together 
in  small  cones  (Playas  of  Jonillo,  in  Mexico). 
Do  not  these  phenomena  lead  us  to  imi^ine  to 
a  certain  degree  what  may  have  formerly  taken 
jdbce  on  a  much  greater  scale  in  the  fissured 
crust  of  the  globe,  wberevCT  that  internal  heat 
which  is  independent  of  tbe  inclination  of  the  axis 
of  the  earth,  and  the  slight  influences  of  dinnte^ 
has,  through  the  interventi<m  of  elastic  fluids, 
heaved  up  masses  of  rocks  more  or  less  softened 
and  liquefied  ? 

In  mentioning  the  tramhion  formations,  which, 
in  the  Andes  of  Mexico,  New  Grenada,  axid 
Peru,  seem  to  be  connected  with  the  trachytes 
by  which  they  are  covered,  we  cannot  avoid  enter- 
ing into  some  considerations  on  the  origin  of  rocks. 
It  is  the  imperfection  of  our  classification  of  form- 
ations which  leads  to  this  digression.  The  word  vol- 
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came  rock  denotes,  as  I  have  observed  above^  a  prin- 
ciple of  division  quite  different  from  that  which  we 
follow  in  separating  primitive  fiom  secondary 
rocks.  In  the  latter  case,  we  indicate  a  fact  sus- 
ceptible of  direct  observation.  Without  advancing 
further,  and  In  examining  only  the  actual  state 
of  things,  we  can  decide  if  an  association  of  rocks 
is,  or  is  not,  entirely  destitute  of  oi^anic  remains, 
or  whether  or  not  any  arenaceous  or  fri^;mentary 
beds  are  found  interposed.  On  the  contrary,  in 
opposing  volcanic  formations  to  primitive  and  se- 
condary formations,  we  agitate  a  question  altogether 
historical;  we  oblige  the  geognost  to  pronounce 
against  his  will  as  by  exclusion,  on  the  origin  of 
granites,  syenites,  and  porphyries.  It  is  no  longer 
tiie  direct  observation  of  what  exists,  the  presence 
or  the  absence  of  impressions  of  organised  bodies  j 
it  is  by  reasoning  founded  on  inductions  and  ana- 
logies more  or  less  contested,  that  he  is  obliged 
to  decdde  on  the  volcanic  or  noiuvolcamc  origin 
of  a  formation.  Among  the  products  which  the 
giKttest  number  of  geognosts,  I  may  say  all  who 
have  seen  Italy,  Auvergne,  the  Canaries,  and  the 
Andes,  consider  as  decidedly  igneous  (porphyries 
with  a  base  of  obsidian,  semi-vitreous  porjAyries, 
trachyte-porphyries,  and  the  pcffjAyries  winch  by 
their  composition,  by  the  presence  of  quartz,  by 
the  absence  of  vitreous  feldspar,  hornblende,  and 
pyroxene,  resemble  the  grauwacke-porphyries), 
beds  are  found  (in  the  Cordillera  of  the  Andes) 
of  which  the  base  passes  to  phonolite  (the  base 
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of  porphyr-schiefer),  and  in  which  vitreous  feldspar, 
hornblende,  and  sometimes  even  pyroxene,  pro- 
gressively replace  common  feldspar.  We  do  not 
then  know  where  the  porphyries  which  we  are 
agreed  to  call  transition  end,  and  where  the  tra- 
chytes begin. 

I  have  no  doubt  that  new  travels,  and  a  profound 
examination  of  intermediary  feldspathic  rocks, 
and  of  those  contained  in  the  red  sandstone,  will 
throw  more  light  on  this  interesting  problem ;'  in 
the  present  state  of  our  knowledge,  I  shall  content 
myself  to  be  guided  in  the  separation  of  the  porphy- 
ries  and  trachytes  of  the  Andes,  leas  by  the  con- 
sideration of  their  composition  than  by  that  of 
their  position.  It  is  extremely  unusual  to  find 
common  feldspar  in  the  real  trachytes  of  equi- 
noxial  America ;  but  vitreous  feldspar,  hornblende 
and  pyroxene,  are  found  in  these  rocks,  and  in 
the  porphyries,  (§§  21.  and  23.),  which  are  partly 
covered  by  a  black  transition  limestone  and  by 
secondary  red  sandstone.  We  find  also  but  little 
quartz  in  the  porphyries  and  trachytes  of  equi- 
noxial  America;  on  the  contrary,  that  substance 
characterises  the  greater  part  of  the  porphyries  of 
Europe  (§§  22.  and  24.).  Its  total  absence,  how- 
ever, is  not  a  certain  indication  of  a  trachytic 
formation,  as  it  occurs,  dthough  in  small  masses, 
in  some  trachytes  of  the  Dardanelles,  Hungary, 
and  Chimborazo.  M.  de  Buch  has  observed,  near 
the  basalts  of  Antrim,  a  porphyry  very  analogous 
to  those   of  the  red  sandstone ;   and  containing 
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qiuutz,  cominon  feldspar  disseminated,  together 
with  interposed  beds  of  pearlstone  and  obiidiao. 
lias  phenomenDn  also  occurs  in  tiie  trachytes  of 
the  Eugsnean  'mountains.  Mica,  and  also  garnets, 
appear,  dthougfa  very  rarely,  in  die  trauaitifm 
porphyries  of  both  continents ;  but  they  dcout' 
equally  in  the  trachytes  of  the  ancient  volcano  of 
'Yanaurcu,  at  the  foot  oi  Cbin^otazc^  and  in  the 
trachytic  conglomerate  of  £urope.  The  porphy- 
lies,  as  well  as  the  trachytes  of  the  Andes,  eiEhfl>it 
aupeib  c(dumns ;  and  the  mass  of  columnar  tra- 
chyte is  sometimes  so  compact,  tiiat  it  is  difficult 
to  discover  in  them  either  pores  or  fissures. 

Fran  these  statements  it  results,  tihat  the  charac- 
ters of  composition  (absolute  and  iu&ulated  charati- 
ters,  by  which  stnw  have  attempted  to  diBtinguish 
the  tmuntian  poi^yries,  and  the  traohytea  i^  the 
Ckir£Hera8)are  very  uncertain;  it  is  fay  the  whole  of 
thcM  oryctognostic  characters,  by  the  passage  of 
a  rook  to  a  vitreous  state,  byt^  obsidian,  the  pearls 
Mooe  and  the  scorified  manes  which  ore  indieddsd 
in  it,  and  by  tbe  relationB  of  position,  that  a  tra. 
cfcyte  can  be  known.  Besides,  it  is  easier  to  dass 
certain  Ibrmatiom  as  trachytes,  than  to  decade 
(Ml  the  pretended  n^itunian  origin  of  other  rodts. 
Trachytes  and  transition  porphyries  may  both  be 
]daeed  on  primitive  locka  f  it  ii  not  tbe  rocks  by 
i^ndi  they  aie  supported,  bat  those  by  which  th^ 
are  cov«<ed,  that  ought  to  guide  the  gec^nost  The 
tiadiytes  and  porphyries  of  the  Cordilleras  are,  most 
frequently,  not  covered  by  other  formations  i  but 
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wherever  they  are  so  covered,  and  «1iere  the 
superposed  rock  is  indubitably  transition,  that  su- 
perposition alone  determines,  in  my  opinion,  the 
problem  of  classification.  Tradiytes  generally 
serve  as  a  basis  only  to  other  igneous  products  ^ 
very  rarely  (Hungary)  to  tertiary  formationa  iden- 
tical with '  those  round  Paris ;  still  more  rarely 
(Archipelago  of  the  Canaries,  and  the  Andes  of 
Quito)  to  thin  formations  of  gypsum  and  ocdites 
interstratified  with,  or  superposed  on,  volcanic  tufts. 
The  tran^tion  porphyries  of  America,  and  not  the 
trachytes,  are  sometimes  covered  by  fine-grained 
black  limestone,  by  red  sandstone,  or  alpine 
limestone ;  and  it  is  when  this  covering  is  wanting 
that  we  iu*e  obliged  to  have  recourse  to  the  un- 
certain method  of  inductions  and  analogies.  We 
should,  perhaps,  risk  less  in  separating  what  na- 
ture has  united  closely,  if  provisionally  we  de- 
scribed, under  the  vague  denomination  of  amphi- 
bolic porphyries  (hornblende-porphyries,  homblend- 
iges.  porphyrgebilde),  the  whole  of  those  rocks  o£ 
the  Cordilleras  which  exhibit  a  porphyroid  struc- 
ture (transition  porphyries  and  trap-porphyries,  or 
trachytes),  which  are  almost  destitute  of  quartz, 
and  which  abound  at  the  same  time  in  hornblende 
and  in  lamellar  or  vitreous  feldspar. 

Afi«r  having  given  this  general  view  of  the  trans^ 
ition  porphyries  of  the  Andes,  and  their  geccgnostic 
affinity  with  trachytes,  I  shall  describe  that  group 
of  porphyries  which  is  anterior  to  limestone  with 
entrochites  and  ortJioceratites,  and  to  clay-slate  and 
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transition  mica-slate.  In  this  equatorial  group,  we 
may  difitinguish,  in  the  northern  hemisphere  (Cordil- 
leras of  Popayan  and  Almaguer),  and  in  the  south- 
ern hemisphere  (mountains  of  Ayavaca,  on  the 
limits  of  the  Andes  of  Quito  and  Peru),  several 
partial  formations  ;  viz  :  — 

Porphyries  j 

Greenstone  and  ferruginous  clays  ; 

Syenites ; 

(Transition  granites  ?)j 

Limestone  cootiuning  much  carbon ; 

(Transition  gypsums  ?). 
Porphyries,  the  aspect  of  which  is  often  trachy- 
tic,  predominate  in  this  group.  I  did  not  ob- 
serve porphyries  alternating  with  syenite,  or  with 
transition  limestone  ;  nor  syenite  with  greenstone, 
which  occurs  (§§  23.  and  24.)  at  Mexico,  and  in 
several  parts  of  Europe.  The  syenite  of  the  Andes 
of  Baraguan,  Chinche,  and  Huile  (to  the  east  of  Rio 
Cauca,  between  Quindiu  and  Guanacas,  north  lat. 
2°  45'  to  4°  10'),  is  placed  on  primitive  roclo,  on 
granite-gneiss,  and  perhaps  even  on  mica-slate.  It 
is  a  partial  formation  which  is  parallel  to  the  por- 
phyries of  Popayan,  and  covered  by  limestone 
with  much  carbon.  This  syenite  is  composed  of  a 
large  quantity  of  hornblende,  and  common  reddish- 
white  feldspar,  with  very  little  black  mica  and 
quartz.  Feldspar  predominates  in  the  mass ;  the 
quartz  (which  is  remarkahle  in  a  syenite)  is 
translucid,  whitish-grey,  and  constantly  ciystal- 
lised,  like  the  quartz  of  the  porphyries  of  Europe. 
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§  24>.  The  aggregation  of  the  parts  is  almost  in 
layers,  so  that  the  transition  syenite  of  the  Cowia- 
leras  is  not  of  a  texture  entirely  grattular,  like  the 
eyenite  of  Plauen,  near  Dresden  ;  the  texture 
(^^ftasrige  structtir)  of  ibU  rock  approaches,  on  the 
contrary,  to  that  of  gneiss.  What  removes  the 
syenite  of  Nerado  de  Baraguan  from  grainites  with 
hornblende  (§  7.),  or  frcrni  a  syemta  (rfiich  we 
might  consider  as  primitive  (5  8.),  is  its  passage  to 
trachyte,  and  its  connection  with  the  transition 
greenstone  which  is  superposed  on  it,  between  the 
Paramo  d*Iraca  and  tiie  Rio  Paez  (province  of 
Popayan).  Quartz  doappears  gradually  in  this 
transititHi  syeaite,  tiarnfoleade  becomes  more  sUiund- 
ant^  and  tbe  rock  assumes  the  porphyrtad  stnic< 
tuie.  Wetheai6ndinapetrosiIi(»ouspaste(«iritic) 
of  a  reddish  or  yellowish-gr^  cpjoiu*,  very  little 
black  mica,  a  great  quantity  oif  herablende  aiul  dis< 
semijiated  slender  crystals  o£  ftddspax  -with  rather  a 
vitiieouB  tiim  peaily  lustre,  the  kmine  of  viocfa, 
diougii  not  Astinc^  have  longitudui^  fissmies.  It 
n  no  long^  a  syenite,  but  a  ttachyte,  of  which  tbp 
SUR^FOUB  masses,  variousiy  grouped,  rise  like  for- 
tjiad  castles,  on  the  ridge  of  th^  Andes.  Iliese 
passages  i^pear  to  me  very  remavkaU^  ^td  seem 
to  confirm  the  doubts  which  may  b^  enCertaiued 
oa  the  origin  of  all  primitive  graniil^  rpcks.  It  i» 
very  diSicult,  in  eqiuttorial  countries  to  apply  oameiF 
to  a  great  number  of  mixed  fonnations  of  f«dd> 
spar  and  horabl^ide,  because  those  formations  are 
found  just  between  the  transition  s;^nites  and  the 
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trachytes.  Softietimes  granular,  sometimes  por- 
phyroid,  they  resemble  either  the  syenites  of  the 
group  (§  23.)  rf  Hungary,  or  the  trachytes  of 
Drachenfels,  near  Bonn,  and  of  the  great  table-land 
of  Quito.  It  beiftg  observed  that  the  transition 
porphyries  of  Popayan  pass  also  to  trachytes,  the 
parallelism  of  formation  between  the  syenites  and 
porphyries  of  the  same  grofifp(S  21.) ia  confirmed  by 
the  geogHostic  relations  of  two  roefcs  with  a  third. 
Sometimes  (foot  of  the  Tolcano  of  Purac^  near 
Satita  Barbara,)  a  transilion  granite,  very  abundant 
in  mica,  seems  to  separate  the  syenites  (in  which  are 
imbedded  quartz  and  common  feldspar  with  a  pearly 
lustre)  from  real  trachytes,  of  which  the  paste,  to^ 
wards  the  summit  of  the  mountains  (at  the  height  of 
SjSOO  toises)  becomes  vitreous,-  and  passes  to  ob- 
sidian. 

In  the  whole  group  of  syenites^  and  porphyries 
which  I  have  examined  in  the  CordUleras  of  the 
Andes  (between  Nev^o  de  Tolima  and  the  towns 
<rf  PopayMi,  Almaguer,  and  Pasto),  the  porphyry 
which  bears  most  decidedly  the  character  of  a  trans- 
ition  rock  ia  that  which  surrounds  the  basalts  of 
Tetaia  de  Julumito  (left  bant  of  the  Rio  Cauca, 
west  of  Popayan),  and  wWch  is  covered  (at  Los  Se- 
rillos)  by  a  blackish  Smestone,  passing  from  com- 
pact to  smaU-graJned,-  traversed  by  veins  of  white 
calcareous  spar,  and  containing  so  much  carbon 
that  in  some  parts  it  blackens  the  fingers ;  and  is 
even  found  in  powder  in  the  clefts  of  stratifica- 
tion. This  accumulation  of  carbon,  which  is  also 
M   3 
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observed  in  anthracitous  and  aluminous  slates,  and 
in  lydian  stone,  and  kiesel-schiefer,  leaves  no  doubt 
respecting  the  question,  whether  the  darkish  lime- 
stone of  Los  Serillos  (near  Julumito),  in  which  1 
could  find  no  trace  of  organised  remains,  ts  a  real 
transition  limestone.  The  lydian  stone  which  is 
observed  in  thetransition  clay-slate  of  Nailaand  Ste- 
ben  (mountains  of  Bareuth)  furnishes  also  this  depo- 
sit of  carbonaceous  powder  between  the  clefts;  and 
I  employed  specimens  which  do  not  stain  the  fin- 
ger to  excite  the  nerves  of  a  frog,  by  placing  them 
in  a  galvanic  circle,  conjointly  with  zinc.  The 
black  transition  limestone  (nero  aniico),  so  cele- 
brated among  the  ancients  by  the  name  ofmarmor 
LucuUeum,  contains  also,  according  to  the  analysis 
of  M.  John,  \  per  cent  of  oxide  of  carbon,  distri- 
buted as  a  colouring  principle  through  the  whole 
mass  of  the  rock.  Porphyry,  covered  by  a  highly 
caxburetted  limestone,  greyish-black,  fine  grained* 
and  perhaps  destitute  of  petri^tions,  will  be 
considered  by  the  geognost  who  attaches  more 
importance  to  the  position  than  to  the  com- 
position of  formations,  as  a  transition  porphyry, 
whatever  may  be  oryctc^ostic  nature  of  its  con- 
stituent  parts.  Trachytes,  as  we  have  observed 
above,  have  hitherto  been  found  covered  only  by 
other  volcanic  rocks,  tufas,  or  some  very  recent 
tertiary  formations.  The  transition  porphyry  of  Po- 
payan,  on  which  black  Hmestone  is  placed,  is  rather 
regularly  stratified ;  it  contains  Uttle  hornblende, 
very  little  quartz  in  small  crystals  imbedded  in  the 
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mass,  and  feldspar  which  passes  from  common 
to  vitreous.  I  saw  no  pyroxene  there,  nor  in  the 
porphyry  of  Pisoje  which  forms  a  magnificent 
colonnade  at  the  western  declivity  of  the  volcano 
of  Purac6,  on  the  right  hank  of  the  Rio  Cauca. 
This  porphyry  of  Pisoje  is  divided  into  prisms, 
of  from  five  to  seven  sides,  and  eighteen  feet  long, 
which  I  mistook  at  a  distance  for  basalt,  and  which 
are  found  in  Europe  in  many  transition  por- 
phyries, even  in  those  of  the  red  sandstone.  A  per- 
pendicular range  of  these  columns  is  placed  on  a 
range  entirely  horizontal.  In  a  greenisih-grey  paste, 
probably  compact  feldspar  coloured  by  hornblende, 
there  are  found  a  very  few  crystals  of  hornblende 
visible  to  the  naked  eye,  black  mica,  and  a  peat 
quantity  of  milky  and  non-vitreous  feldspar.  Quartz 
is  wanting  in  these  columnar  porphyries,  as  in  al- 
most  all  the  transition  and  metalliferous  porphyries 
of  Mexico.  The  rock  of  Piscg^  being  considerably 
distant,  gec^raphically,  from  the  porphyries  of  Ju- 
lumito  connected  with  transition  limestone,  it  re- 
mains doubtful  whether  it  does  not  belong  to  a 
trachyte  formation.  With  respect  to  the  transi- 
tion porphyries  of  Julumito,  we  do  not  know  on 
what  formation  they  repose ;  since,  from  Quili- 
cfaao  as  fiur  as  the  ridge  of  Los  Robles,  which 
is  situated  at  the  west  of  Paramo  de  Palitar^  and 
the  volcano  of  Parac^  and  which  divides  the 
waters  of  the  South  Sea  and  the  Sea  of  the  An- 
tilles, no  primitive  rocks  appear.  The  Alto  of 
Los  Robles  itself  U  composed  of  mica-slate  (direc- 
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tioa  of  thQ  beds  N.  60*  £<  like  the  micaceous, 
gneiss  of  the  Andei  <^  Quindiu }  inclin.  50"  to 
S.W.).  This  piimitive  rock  of  the  Robles  is  also 
observed  near  Timbio,  and  near  the  sources  of  the 
Rio  de  hu  Fiedras  (hdght  1004<  toises)  which,  issue 
firotn  below  the  trachytes  of  Parac^  and  Sotara.  I 
saw  clearly  thttt  in  the  ravines  between  the  Rio 
QoUquas^  and  Rio  Smita,  the  porphyritic  rocks  of 
Cerro  Broneaso,  and  those  which  fdlow  towar*^ 
l^e  south  between  Los  Rdiles  and  the  ParanuUor 
«f  Almiiguerr  repose  on  mic»4late.  The  great 
blocks  tjf  quartz,  therefore,  that  are  found  scattered 
amidst  iheaes  peNrphyry  and-  trachyte  fomatiomb 
denote  erety  where  the  proxinnty  of  mica-eiate. 

He»  sm  important  ^estion  arises,  whether  the 
rocks  of  poTj^yrold  stmetnre,  at  Ae  Booth  of  the 
AHo  de  los  Robles,  formiiig  the  weetem  decUiiity 
<^  the  volcano  of  Sotura  and  the  Paramos  de  laa 
Fspas  aisd  Cujurcu  (see  ray  ma{i  of  the  Ria  Grande 
dek  M^dalena^  are  true  traiuttionporpJiyries?  I 
sbaU  stftte  the  £ict8  which  I  observed.  The  por^ 
phyriea  of  Broneaso  (north  hrt.  2^  17'»  kx^  79''a'„ 
d^edueting  this  position  irom  the  astronomicdb 
observati(»is  whidi  I  made  at  Pc^yan  and.  at 
Ahai^ucff>  c(»itai3i  many  and  very  !si^  crystal 
of  milk.wlute  f^d^ar,  slender  cryaAals  of  hocn- 
blende  that  cross  each  other  as  thei  feldspar  ia  ^e 
pwphyry  comnio^y  called^  by  the-  antiqsaa-ians 
serpetahto  verde  <mtic&  or  por/Sdo  tvrde  (gein^ 
porphyr  of  WemMr),  and  a  little  translucid  crya^ 
talhsed  qirartz.     The  orystals  (^  hornblende  sad 
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fielder  often  divide  &om  the  same  pewit  In  the 
interior  of  the  feldqiar  we  lind  other  crystals,  very 
small  and  black,  which  I  thought  were  rather  py- 
roxene than  hwnblende.  Tlie  central  point  around 
which  the  crystallised  laminee  erf  leucite  (amj^i- 
g^ne)  are  grouped,  is  equally,  according  to  M.  de 
Bucha  a  microscopic  crystal  of  pyroxene;  and  in  the 
pophyritic  greenstones  of  Hungary,  M.  Beudant 
found  gamete  among  crystals  of  hornblende.  Sin- 
gular crossings  and  groupings  in  the  crystals  c^ 
common  feldspar  and  of  hornblende  characterise 
all  the  p<Mphyries  between  the  Cerro  Broncasc^  and 
the  valleys  of  Qnilquaseand  Rio  Smita,  ptn^yries 
which  are  irregularly  strat^d  in  non-eiHifra'mable 
stratification!  (beds  of  &om  two  to  three  feet;  direc- 
tion N.  55"  W. ;  iocKn.  40*  to  N.E.)  wHh  beds  oi 
nodca^ate.  Their  paste  differs  from  that  of  the 
porpt^nries  o£  Julumitcr  j  if  19  c^  a  fine  asparagus 
green^  of  a  compact  or  scaly  fractare,  sometimes 
veiyfragile,  presenting  a  grey  streak,  and  assumingM 
when  breathed  upon,  a  very  deep  colour ;  at  oticF 
times  it  is  bard,  and  resembles  }a^  or  phon<dite 
(klingstran,  base  o£  porphyr-schiefer),  that  i^  it 
beloBgs  to  compact  fdd^par.  I  saw  on  the  banks 
of  Rio  Smita,  in  those  porphyries'  which  pass  to 
the  potfido  verde  of  the  antiquariest  beds  having' 
very  few  (Ssseniaated  crystals;  they  are  masses 
cS  jaite  (saussarite^  asparagus  and  leek-green, 
neasiy  shnil^  to  that  w^eh  occurs  in  the  trans- 
ition euphotide ;  they  arc  traversed  by  an  infinity 
o#  ABE^  veiiM  of  qju^tz.    Further  south,  the  green 
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porphyries  with  a  base  of  compact  feldspar  retain 
their  disseminated  crystals  of  quartz  i  and  this  cha- 
racter separates  them  from  the  porphyry-slate  be- 
longing to  the  trachytic  formation,  in  which  quartz 
is  a  phenomenon  of  rare  occurrence.  At  the  same 
time  black  mica  b^ns  to  £^pear,  and  a  variety  of 
pyroxene  having  a  very  brilliant  surface,  the  trans- 
verse fracture  conchoidal,  of  an  olive-green  colour, 
and  so  light  that  it  might  almost  be  taken  for  the 
olivine  of  basalt  This  porphyry  with  black  mica 
fills  the  valleys  of  the  small  rivers  of  San  Pedro, 
Gauchicon,  and  Futes ;  it  is  sometimes  concealed 
(valley  of  La  Sequla)  beneath  masses  of  greenstone, 
in  balls  from  four  to  six  inChea  in  diameter ;  and 
finishes  by  being  no  longer  stratified,  but  sepjurated, 
exactly  like  the  superposed  greenstone,  into  balls 
which  divide  by  decomposition  into  concentric 
layers.  The  b^s  of*  porphyry,  often  extremely 
hard,  are  of  a  composition  identical  with  the  por- 
phyry in  mass.  Their  nucleus  is  solid,  and  con- 
tains neither  quartz  nor  calcedony  j  they  form 
separate  strata  of  six  feet  in  thickness,  and  are  found 
as  if  imbedded  and  fixed  in  the  rock,  not  altered  by 
atmospheric  or  galvanic  influences.  This  structure 
is  not  an  effect  of  the  decomposition,  similar  to  what 
has  been  thought^  of  some  columnar  basalts  that  sepa- 
rate into  balls.  It  appears  to  me  rather  to  be  con- 
nected with  a  primitive  arrangement  of  moleculse. 
I  believe  there  is  no  where  to  be  found  a  greater 
quantity  of  rocks  having  a  globular  structure  than 
in  the  Cordilleras  of  the  Andes,  and  principally 
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from  Quilichao  (between  Caloto  and  Popayan)  as 
fer  as  the  small  town  of  Almaguer. 

In  descending  the  Cerro  Broncaso,  and  crossing 
successively  (in  the  direction  from  north  to  south, 
and  in  the  way  from  Popayan  to  Almaguer)  the 
valleys  of  Smita,  San  Pedrt^  and  Guachicon,  we  ob- 
serve in  the  midst  of  a  porphyry  not  divided  into 
balls,  and  containing  mor^  hornblende  and  more 
olive-green  pyroxene  than  vitreous  feldspar,  a  very 
remarkable  geognostic  phenomenon.  Angular  frag- 
ments of  gneiss,  from  three  to  four  inches  square,  are 
imbedded  in  the  mass.  It  is  a  gneiss  abounding  in 
mica ;  a  phenomenon  which  the  trachytes  of  Dra^ 
chenfels  present,  (also  Siebengebirge,  on  the  banks 
of  the  Rhine,)  and,  in  its  lower  heds,  the  phonoHte 
(porphyr-schiefer)  of  Biliner  Stein,  in  Bohemia.  Not 
far  from  thence,  in  the  north-east  part  of  the  same 
valley  of  Rio  Guachicon  (a  valley  400  toises  in 
depth,  where  I  stopped  during  a  whole  day),  the 
porphyroid  rock  has  the  most  complicated  struc- 
ture which  I  have  ever  seen  in  transition  porphyries, 
or  porphyritic  trachytes.  We  may  there  observe 
at  the  same  time  vitreous  crystals  of  feldspar,  horn- 
blende, black-mica,  quartz,  and  pyroxene  the  colour 
of  which  approaches  that  of  olivine.  The  quartz  oc- 
Cttra.only  in  very  small  masses,  hut  these  are  cer- 
tainly not  owing  to  posterior  filtrations.  After  having 
passed  still  further  to  the  south  the  ridge  that  sepa- 
rates the  Rio  Guachicon  from  the  Rio  Put^s,  the 
five  substances  disseminated  in  the  mass  disappear 
almost  entirely-;    the    porphyroid   rock   becomes 
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homogeneous,  extremely  hard,  and  of  that  fin« 
black  which  is  admired  in  some  very  pure  lydian 
atones,  or  in  the  basis  of  the  pretended  porphyritic 
jasper  of  Altai,  or  in  some  Egyptian  statues  falsely 
called  hasaltes  or  bas(mitef.  I  doubt  its  being  pech- 
stein;  it  is  rather  a  compact  feld^yar  coloured 
black  by  hornblende  or  some  other  substance.  The 
fracture  of  this  homogeneous  paste  is  smooth  or  co»- 
chradal,  with  laige  flattened  cavities ;  it  is  almost  en- 
tirely without  lustre.  I  observed  only  a  few  very 
long  crystals  of  vitreous  fddspar,  and  hexahedral 
prisms  of  conc^oidal  pyroxene  (muschHgen  augit 
of  Werner),  viach.  have  the  bladt  colour  of  mda- 
nit^  and  resemble  in  tbm  lustre  and  fracture  the 
pyroxene  of  Heuloiberg,  near  Schandau  m  Saxcmy. 
I  have  now  described  snccesaively  the  porphyries 
of  Julimiitc^  winch  are  Covered  by  blac^  Carbonate 
of  lime;  those  of  Pisoje,.  wfth  common  feldspju", 
and  divided  inio  prisms ;  green  porphyry,  ccmtdning 
quavtz,  and  frequently  macled  crystals  of  hom- 
hiendie,  from  Cerro  Broneaso,  and  the  valley  of 
SadtA ;  the  pMphyroid  rocks  of  Rio  Guachicon, 
eaclosiog  fi^gments  of  gneis&}  fmally,  those  of 
Rio  Fat^r  of  ii4nch  the  h<Knii:^;eneoas  and  compact 
Uaek  mass  contains  but  few  dissemmisteA  ciystals. 
Da  all  those  rocks  belong  to  the'  same  formation, 
whkh  presents  peculiar  choraeto-s  in  the  difftif ent 
valleys  of  th«  Cordillera  of  Sotara  and  of  Cujffircu  ? 
It  cannot  be  doubted  that  tiie  fragments  of  gneiss 
indwdided  in  the  rocks  around  the  Rio  Guoehicon 
characterise  real  trachytes.     Tbey  are  in  a  manner 


jbyGoogIc 


173 

precursors  of  those  trachytes,  and  that  enormous 
mass  of  pumice  which  I  found,  twenty  leagues  fiir- 
tiier  south,  on  the  banks  of  the  Mayo.  But  must 
diis  dencnnination  of  trachyte  be  extended  to  alt 
the  poqjhyries  that  stretch  by  the  Ceiro  Broncaso, 
towards  the  mica-slates  of  the  Alto  de  los  Robles, 
and  which  are  paitly  covered,  not  by  d<^erite, 
but  by  greenstone  of  a  gl^ular  shiicture  resem- 
bling the  transitiongreraistwie^rfGermany?  After 
what  I  stated  above  on  the  insensible  p£»sage  of 
ihe  metiUliferous  porphyries  of  Mexico  to  rocks 
that  contain  obsidian  and  pearlstone,  of  which  the 
volcanic  origin  is  now  scarcely  contested,  I  know 
not  how  to  decide  on  a  question  of  so  much  imports 
ance.  It  does  not  present  so  much  a  problem  ofyo- 
Htion  as  a  problem  which  may  be  called  htstoridal^ 
because  it  is  the  object  of  geogony,  and  is  iniimately 
connected  with  the  ideas  which  we  fotm  on  the  origin 
of  those  various  rocJcy  d^>osit9  that  cover  the  sur. 
faoe  of  tfae  globe.  When  the  geognost  has  examined 
^  relations  of  poatioa  and  compontion,  he  has 
JiiliSled  his  task.  It  is  not  yet  the  tune  to  pro- 
nowKce  req>e<ting  those  masses  that  seem  to  oscil- 
late between  transition  por^yries  fuid  trachytes, 
called  exclusively  volcanic  porphyries.  What  is 
now  diffictdt  to  unravel  wiU  perhaps  becwne 
clear,  when  equin<»cial  America,  ftee,  civilisedv 
and  laore  access^le  to  traveUers,  shall  be  explored 
by  many  well-informed  men;  when,  from  new 
discoveries,  it  may  be  conceived  that  volcanic 
effects,  whether  slow  and  prt^essive,  or  rapid  and 
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tumultuous,  may  liave  taken  place  wherever  fis- 
sures have  opened  communications  with  the  in- 
terior of  the  globe,  in  which,  according  to  every 
appearance,  a  very  elevated  temperature  still  pre* 
vails.  We  have  already  certain  proofs  that  rocla 
almost  identical  with  those  that  belong  to  the  tra- 
chytic  formation,  or  by  which  they  are  covered,  are 
interposed  in  real  transition  porphyries,  and  in  the 
porphyries  of  the  red  sandstone.  Geognosts  are  well 
acquainted  with  the  important  observations  made 
by  M.  de  Buch,  near  Holrastrandt,  in  the  gulf  of 
Christiania  in  Norway.  A  porphyry  containing, 
besides  common  feldspar  (not  vitreous),  a  Httle 
hornblende  and  quartz,  is  found  placed  between  a 
limestone  with  orthoceratites  and  a  syenite  with 
zircons.  No  one  has  yet  hesitated  to  consider  this 
porphyry  as  a  transition  formation ;  no  one  has 
called  it  trachyte.  But  in  the  midst  of  this  por- 
phyry we  see,  not  a  vein  (dyke),  but  a  bed  of  basalt 
with  pyroxene.  "  The  porphyry  of  Holmstraudt," 
says  M.  de  Buch,  "  becomes  basalt  by  the  same  pas- 
sages and  insensible  gradations  which  we  find  so 
commordy  in  Auvergne.  This  basalt  is  very  black, 
^most  fine-grained,  destitute  of  feldspar,  but  tilled 
with  pyroxene.  Sometimes  it  becomes  cellular,  and 
assumes  a  red  and  scorified  aspect,  at  the  contact 
with  porphyry."  It  would  not  be  more  exti^ 
ordinary,  perhaps,  to  discover  fragments  of  gneiss 
enveloped  in  tiiis  cellular  and  scorified  basalt  filled 
with  pyroxene,  than  to  find  them  in  the  basalts 
of  Barenstein  (near  Annaberg  in  Saxony),  or  in, 
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the  trachytes  of  the  valley  of  Rio  Guachicon 
(in  South  America).  What  is  the  origin  of  this 
balsatic,  celtutar  and  pyroxenic  bed  of  Holm- 
strandt  ?  Has  it  been,  as  well  as  all  porphyry,  a 
stream  that  issued  from  below  as  veins  ?  Does  the 
presence  of  a  mass  which  is  supposed  to  be  of  igneous 
origin,  afford  a  sufficient  reason  for  admitting  that  the 
■whole  formation  to  which  this  mass  belongs  should 
be  separated  from  the  transition  formations,  and 
classed  among  trachytes  ?  This  I  doubt ;  the  incon- 
testably  volcanic  rocks  of  Rio  Guachicon,  containing 
fragments  of  gneiss,  are  geognostically  connected 
with  transition  porphyries,  as  these  are,  on  other 
points  of  the  globe,  geognostically  allied  to  the 
porphyries  of  the  red  sandstone. 

I  separate  provisionally  all  the  porphyroid  rocks 
placed  to  the  south  of  a  ridge  composed  of  mica- 
slate  (Alto  de  los  Robles)  from  those  which  are 
found  at  the  north-west  of  that  ridge,  and  which, 
near  Jutumito,  are  covered  with  limestone  abound- 
ing in  carbon.  To  the  latter  dass,  and  conse- 
quently to  the  transition  formation  (§21.)  which 
forms  the  particular  object  of  this  article,  I  assimi- 
late perhaps  with  more  con6dence,  the  porphyries  of 
Voisaco  (Andes  de  Pasto,  north  lat.  1"  24/)  iuid 
those  of  Ayavaca  (Andes  of  Peru,  soutii  lat.  4°  38'). 
The  following  are  the  circumstances  respecting  the 
position  of  those  two  rocks.  The  porphyries  and 
trachytes  of  Popayan,  of  CerroBroncaso,  Rio  Gua- 
chicon, and  Rio  Put^s,  are  separated  from  those  of 
the  province  of  Pasto  by  a  table-land  of  primitive 
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rocks,  extending  from  Almaguer  as  fer  as  Tablon,  at 
the  foot  of  thePM*amo  of  Paraguay.  The  porphyries 
reoMnmence  at  the  south  of  Tablon ;  near  the  Indian 
village  of  Voisaco  they  are  distinguished  by  a 
polarity  wfiich  is  found  sensible  even  in  the 
smdlest  fragments.  These  porphyries,  it  may  be 
clearly  seen,  are  placed  on  mica-slate,  A  greenish- 
grey  mass  encloses  at  the  aame  time  two  varieties  of 
feldspar,  the  common,  and  the  vitreous ;  a  pheno- 
menon which  is  often  found  in  the  transition  por- 
phyries of  Mexico  (§  25.).  Some  acicular  crystals  of 
pyroxene  penetrate  between  thelaminae  of  vitreous 
feldspar.  A  rock  placed  at  the  entrance  of  the 
village  presented  to  M.  Bonjdand  and  myself  all 
the  phenomenon  of  the  magnetic  serpentine  of 
Bareutii  (§  19.),  which  Z  had  discovered  in  1796' 

In  the  nfKthem  hemisphere,  following  the  Andes 
of  Quito  by  Loxa  to  Ayavaca,  we  see  the  primitive 
rocks  and  porphyries  appciuing  aStbtmsi^y,  a  phe- 
BiMnenon  ^i^ch  we  Imve  already  mentioned  (§$  3, 
and  6.).  Almost  every  time  tiiat  the  mass  of  the 
mountain  rises,  the  poiphyries  appeu",  and  ccmceal 
from  the  eye  of  the  traveller  the  gneiss  and  mica- 
slate.  'Diose  pOTphyries,  which  at  first  present  more 
c^  common  than  of  vitreous  feldspar,  are  succeeded 
by  trachjrtes  which  usually  aimounoe  tmo  combuied 
phenomena,  the  vicinity  of  some  volcuio  still  burn- 
ing, sad  the  rigidly  increasing  elevation  of  the  Cor- 
dfllera,  the  summits  of  which  nearly  attain  or  over- 
pass the  Umit  of  perpetual  snow  (S4<60  toises  under 
tbe  equator).  I  shall  add  that  trachytes  cover  iin< 
15 
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mediately  either  primitive  rocks  or  tranntion  poiv 
phyries,  and  that  vitreous  feldspar,  hornblende,  and 
sometinies  pyroxene,  become  more  frequent  in  the 
latter,  in  proportion  as  they  are  found  nearer  to 
volcaiHc  rocks.  Such  is  the  type  which  the  phe- 
nomena c^  position  present  in  the  equinoxial  region 
of  Mexico  and  South  America ;  a  type,  which  I 
have  particularly  adhered  to  in  the  geognostic 
profiles  which  I  drew  on  the  spot  in  180S  and 
1803. 

The  porphyries  of  Ayavaca  form  a  part  of  this 
general  chain  of  feldspathic  rocks.  On  the  mica- 
schists  of  Loxa,  where  are  the  finest  trees  of  Je- 
suit's bark  hitherto  known  (Gnchona  condaminia), 
porphyries  are  placed  that  fill  the  whole  space  com- 
prehended between  the  valleys  of  Catamayo  and 
Cutaco,  near  Lucarque  and  Ayavaca  (1407  toiscB 
high).  These  porphyries  are  found  divided  into  balls 
with  concentric  layers,  and  heaps  of  those  balls 
lie  (valley  of  Rio  Cataco,  height  of  the  bottom  of 
this  ravine,  756  toises)  on  a  porphyry  which  con. 
taina  common  feldspar  and  hornblende  which  is 
regularly  stratified,  and  the  mass  of  which,  of  great 
density,  is  traversed  by  an  infinity  of  small  veinsiof 
carbonate  of  lime,  as  transition  clay-slate  in  Europe 
is  traversed  by  veins  of  quartz.  The  barometrical 
measures  which  I  have  taken,  assign  4800  ieet  of 
thickness  to  those  porphyries  of  Ayavaca,  which  I 
do  not  consider  as  trachytes.  I  do  not  mention  as 
belonging  to  the  group  §  21.,  the  green  porphyroid 
rocks  destitute  of  quartz,  containing  very  little  hom< 
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Mende^  ftoda^rsit  AesA  of -common  milk-white  feld- 
upar,  #hidi  constitute  t&e  Andes  v£  AsBU^y.  Jh^ 
am  placed  -rai  tbe  primitive  mica-^frtes  of  BoyaaU 
lacta,aiidS  had  theoi^Krtunity<[^«xaiBinuigtJieu' 
<aiuuBattu»  43uckne»,  frona  ISOO  to .^>74  teises  of 
height  «bove  the  level  of  the  ocean.  They  ar-e  g&- 
Detidly  stratified ;  biitt  this  stnhti£cdti<Ni,  often  vray 
M^ilsr  (N.  45°  Wh),  is  Observed  Ako  in  many  teai 
timchytM  of  ■OhiHiboflsze  ^od  -t^  bimuig  valcuw 
of  Tunguragua.  In  carefully  examining,  in  -At 
Ontdilieras  of  *fae  Aiide^  *he  cyflereat  ataMT  of 
^ddq>ar  in  ttanattion  fMpi^^tiieB  asid  farttc^4ea,  I 
dasared  idiat  >i»i^  deddiedly  -bact^ttie,  idao>cAB> 
tarn  some  ^nt  aire  iaicft  vitreeua,  but  Miuftr  miA 
mittiy-.  imnanoltBed  to  tfaittk^atitiiepM^fa}*^^ 
iA.Bsui^  a  ^(*if  of  mountains  'Gelebmt6d  Sue  dw 
fussage  it  affords  iietween  Qiate  and  Cwnj^  is  -of 
ttiadiyte. 

Ilhave  discussedihe nature^ the  ro<^«w]iichaB 
"South  Aftierica  constitute  ^ije^Do^p  §  21.,  the  ^ye. 
nite  of  Baraguan,  'the  transilioti  granite  of  Sasta^ 
Barbam,  tiie  poiphyries  of  Jidumito,  the  gneen- 
8to>Q,  and  black  and  carburetted  limestMie:  it 
mamm  Sot  me  to  amke  some  observatteds  oti  -thb 
tefis  [iii:]|>ortattt  mcfabms  -of  this  gvoiQ).  The  laalt 
s^rii^  virich  ate  found  surrounded  by  i^tsiMe  aX 
tm  ixatamise  he^it  near  San  MjgueS,  at  -the  <ea8t  of 
TiiAua,  in  the  Cordillera  «f  Ban^uda,  ^erfa^  ia« 
dicotelfae.gev^iMetic  CMKoecfiMi^^' some  itransitioit 
gyyauto  iritiL  syenite,  tor  witb  «  -bladt  UmestoiM 
anskffOffii  ito  ihat  Af  the  SerMloB  (^  Bopij^aa.    ^ai 
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in  those  countries  height  aloae  does  not  aShrdA 
reason  for  excluding  a  gypsum  form^oo  from  ihs 
domain  »f  secondary  ibnnations.  I  saw  ontheAahle- 
landt^ Santa  F^  de  BogQt^  a^  IrKlO^ises  hij^b,  th^ 
rock  salt  of  Zipaquira  reposing  on  a  Jiniestone  jvjiich 
is  decidedly  of  secondary  formation.  It  is  rather 
probable  that  the  fibrous  ^psum  mixed  with  c^^ 
of  Ticsan  (Pueblo  viejo.  in  the  kingdom  of  Qu^ 
scHith  ilat  S°  13'..),  situated  opposite  to  the  famous 
mountainof  sulphur  (5  §iii  .and  16.),^  from  €ver^ 
secondary  rock,  or  primitive  mica-slate,  is  a  trans- 
ition gypsum  an^ogous  to  that  of  Bedillac  in  -tb? 
Pyrenees,  ajtvd  to^that  of  Saint-Michel  near  M-odfoUi 
m  Savoy, 

The  greenstones  ^f  group  ;§  2X.  -which  ^pp^ftt*  -^9 
cover  the  ^j^enites  of  Baraguao,  ^nd  po^yjd^  9^8r 
Jogous  to  Ibose  pf  Julumito  ^oimd  at  i:hf  QOn^ 
of  Ptc^jmn,  -at  ihe  ibot  of  ithe  Etaramos  of  Irsq» 
and  jCSuj)ehe,,acid,  chiefly,  io  the  eastern  vallsy  -(f 
the  Ij^sin  .of  Rio  vGauca  (Cwato  de  Quina  Majctr 
and  jQuilichaa>  ilich  golji*.w«shij:|gs-  axe  carried  <m 
ia  tbe  latter  spoj,  among  the  fragraents  of  green- 
stMie  (diabase  of  Brangmax^  <diorite  of  Hany). 
Tius  rock  48  qert^unly  not.a  do)«rite.  'Juit  Atc^n^- 
ition.^rpenstonQi  pouter  to  th»t  yjbich  js  fppn.d  Jp- 
terpflsedin  the  clay-^*te  iinpr^gna,ted  ydtb  c^fcop 
of  the  Fichtelgebi^  (S^a-i  aiidiu:thej»ica.alatp 
of  tbEC^r«^.j;^ai.>  The  greenatcwp  ,pf  .Qiiiqa 
M^r  becomes  aiunefiines  BKlcefnel^  Wf^  v^^ 
fipm^^eou^,  ^soporous*  ifi^ile,  and  47ati!^>-.Uli9 
Jhe,har^Iendeflciistpf  pdmitive  jEoJWftfioijs  (h.9fn. 


jbyGoogIc 


blend-schiefer).  It  is  filled  with  pyrites,  does  not  act 
upon  the  magnet,  and  acquires  a  yellowish  coat  in  the 
air,  like  basalt.  Near  Quilichao  (between  the  towns 
of  Call  and  Popayan)  it  presents  large  crystals  of 
hornblende  disseminated  in  the  mas^  and  veins 
which  are  filled  with  pyroxenes  of  an  rfive-green 
colour,  not  dark.  On  the  spot,  I  took  these  py- 
roxenes for  the  lamellar  olivine  of  M.  Freiesle- 
ben.  The  crystals  are  not  disseminated  in  the 
mass,  but  occur  in  the  fissures,  like  the  veins  of 
dolerile  that  traverse  the  greenstone.  This  roek, 
altiiough  destitute  of  veins,  zppeias,  as  we  have 
said  above,  in  flattened  balls,  at  the  south  of  Po- 
payan and  the  Alto  de  los  Robles.  In  the' valley  of 
l^a  Sequia  (between  the  Cerr'o  Broncaso  and  the 
Rio  Guachicon)  it  covers  the  grewi  porphyries  of 
Rio  Smita.  The  superposition  of  the  greenstone  is 
here  more  manifest  than  in  the  Curato  of  Quina 
Major,  and  in  the  gold-washings  of  Quilichao. 
The  porphyries  at  the  north  of  liie  Alto  de  los 
Robles  being  partly  (Julumito)  covered  with  black 
transition  limestone,  and  those  which  we  observe  at 
Ibe  south  of  Los  Robles  being  connected  with  the 
trachytes  of  Rio  Guachicon,  this  uniform  superpo- 
sition of  greenstone  on  both  these  porphyries  is 
'a  phenomenon  of  position  that  merits  great  atten- 
tion. According  to  the  observations  hitherto  made 
in  both  continents,  trachytes  and  basalts  are  fijund 
covered  by  dolerite  (an  intimate  mixture  of  feld- 
spar and  pyroxene),  but  hot  by  greenstone  (an 
intimate    mixture   of  feldspar   and  bomblende}^ 
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^ust  we  not  theace  conclude  that  all  wlucfa  is 
below  die  greenstone  in  balls  of  Sequia  and  Quili- 
«:hao  is  a  transition  porphyry,  and  not  a  trachyte? 
Ought  we  not,  on  account  of  this  uniform  superpo- 
sition of  greenstone,  to  separate  the  poiphyroid 
rocks  of  Rio  Smita  and  the  Cerro  Broncaso  irom 
the  trachytic  porphyries  of  the  valley  of  Guachicon, 
which  are  more  decidedly  pyroxenic,  that  is,  from 
tiiose  in  which  :&agments  of  gneiss  are  imbedded? 
There  is  some  probability  that  a  rock  covered 
by  greenstone  is  rather  a  transition  fwrnation  than 
one  of  trachyte;  but  formations  of  igneous  origin 
may  be  of  a  very  ancient  date.  Why  should  not 
masses  of  trachyte  and  dolerite  be  ifiterposed  in 
tlie  newer  transition  rocks  ? 

Fiuther — and  I  put  this  question  to  the  learned 
tnineralo^ts  who  have  devoted  themselves  more 
especially  to  the  study  of  the  oryctc^ostic  charac- 
ters of  rocks,  —  are  greenstones  always  as  di^rent 
from,  dolerites  mineralogically  (by  their  composi- 
tion) as  they  are  geognostically,  by  their  position  ? 
The  substance  of  crystals  that  are  insulated  in  a 
paste,  and  which  become  visible  to  the  naked  eye, 
no  doubt  exists  mixed  with  other  substances  in  the 
paste  itself.  As  basalts  often  contain  at  the  same 
time  (Sf^ony,  Bohemia,  Rhunegebirge.)  large  dis- 
seminated crystals  of  pyroxene  and  hornblende  (ba- 
saltische  hornblende),  it  cannot  be  doubted,  that 
besides  the  pyroxene,  hornblende  also  enters  into 
the  mass  of  some  basalts.  Why  might  not  analt^us 
mixtures  take  place  in  the  paste  of  dolerites  and 
N  3 
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gteeriseeities,  of  Which  the  <me(to  use  tite  mythdc^ic 
iidfrtencl*(u«  geftersdly  received)i«  believed  to  berf 
vtrfcairfc,  afid  the  other  of  rttfpiuiiian  origin  ?  The 
pytbxene  rock,  whfeh,  accftrcBHgtdM.  Charpenttej* 
i»  found  in  parallel  stratification  in  the  primitive 
Krtestone  of  the  Pyrenees,  contains  disseminated 
hornblende.  It  is  asserted,  that  pyroxenes  have  beefl 
Abserved  in  greenatones  which-  form  true  bed»  amidst 
file  granites  of  the  Fichtelgebirge  in  Franconia(S7.). 
M.  Beadafft  sa#  greenstone  inddbitably  pyroxenic 
{e&ax^aettlJy  d^^rite)  in  the  tnuirftiort  potphyrieB 
UM  SyeniftS  of  Hnwgiry  (Tepla,  Seat  Scheimiitz> 
is  weH  » in  the  coat-sandstofie  (secondary)  ef  Fuiif- 
ftireheir.'  The  Gratified  and  glofatdsiT  greenstone  in 
the  vicinity  of  Popayaft  passes  neither  to  tBiXidei- 
milt  itcft  to  syeilitic  porphyry.  It  is  ft  very  staked 
fhttaa,&otif  EltMt  aeccHtnpanied  here,  aS  it  is  ahtUMt 
e?*epy  wHefe  at  (he  CordiBers  «f  the  Andes  (wh«e 
in  oedttts  &t  some  distance  from  the  cha^  of  activ6 
ttdcfiiKis),  by  ertortaffus  masses  of  clay.  These 
wiiisses  re#»ind  tis  more  of  the  aecumulatkns  of 
Cl&y  ifi  the  bftatd^c  foriiffttion»  of  Mittelgebirge  in 
Bdheflti%  than  of  the  clays  bekmging  to  the  gypsdOi 
of  the  greeHstone  (uphites  of  PafeBson)  in  ^e 
Fyreneesi  and  the  department  of  the  Liuidet. 
■fhey  i*«jder  the  passage  of  the  Cordilleras,  from 
Ft^*fan  to  Qu^c^  extremely  difficult  du^i^  the 
i^ny  ^ea^on. 

The  analogies  which  we  have  indicated  between 
Mmfe  porphyries  of  the  group  §  21.,  and  the  tra- 
cl^'tes,  or  other  vdlcanic  rock%  is  found  in  lite 
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Mexican  gfoup,  %  33^  and  even  in  Norwci^  pwi 
phones  <^ the  gniup  ^34.}  butgeDeral)y(withtiM 
«[-cq>tion  of  the  perphyriea  of  Caucasus)  theT"  are 
very  seMom  observed  in  tke  porphyries  subordisato 
to  traawtion  ctay-state  and  grauwadee,  §  29.  Wtt 
may  add,  that  anudat  t^  secondar)t  poq^hyriea  of  thtt 
red  sandstone,  mandekitein  andotlieruiterpoBed  bedi 
(GermaDy,  Scotland,  Hungary)  sometimes  aaauiB^ 
also  the  aspect  of  apyroxenic  rack.  According  t» 
these  various  relations  of  poedtioo  and  compositloai 
I  think  we  cannot,  in  thfrpresetttstateafourkntfvfr 
ledige,  deny  ^together  the  exiBtence  t£  trannttoo 
pofphyries  in  the  Cordilleras  of  South  Amencait 
and  to  consider  all  the  rocks  of  syenite,  por^j/ry, 
and  greenstone,  which  1  have  juit  described,  as  tra* 
c^tes.  Thepor|^yrie8ofthegr«i|>s  $§3].aQdS% 
are  eharaeterised  in  South  America  and  Mexico  by 
their  constuit  t^idency  to  a  regnlar  stratificatiDR  ( 
a  tendency  very  rarely  observed  in  Enrc^ie,  on  » 
great  extent  of  countFy,  in  the  groups  §5  ^^  '^ 
S4.  The  r^ularity  of  stratification  ia,  however^ 
much  greater  in  the  Mexican  p(»pfayrie3  p4»t«rior 
to  transition  cla^^slate,  than  in  the  potpliyriea  of 
the  Andes  of  Popayan,  Pasto,  and  ¥em,  which  re- 
pose immediately  on  primitive  rocks.  I  did  not 
observe  in  this  latter  formation  (§  SI.)  one  siUxvdir 
nate  bed  of  syenite,  greenstone,  timeatone^  and 
mandelstein,  as  we  ibid  in  ^e  groups  $  §  3^  and  S^ 
I  saw  transition  porphyries  in  New  Span,  betweea 
Aci^ulco  and  Tehmlot^)ec,  which  were  mrt  ma- 
bdliferons,  resting  tmmeditrte^yoa-primitiTsgsainte 
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(Alto  de  losCaxonea  Acaguisotla,  and  several  ptnati 
between  Sopilote  and  Smnpango) ;  but;  as  farther 
noiih,  (near  Guanaxuato,)  metalliferoDft  pcurpbyries 
of  a  similar  cranposition  cover  transition  clay-slate, 
it  r'emdns  UDcertain^  notwithstanding  the  difference 
of  positiOTi,  if  both  do  not  belong  to  the  same  fonn- 
ation,  amd  to  a  more  recent  formation  than  the 
group  §  21.  A  term  S  of  the  geognostic  series 
way  immediately  f<dlow  |3,  where  y  is  not  developed. 
Thus  Jura  limest<Mie,  near  Laufienberg^  reposes  im- 
mediately on  gneiss,  because  the  intermediary  terms 
of  the  series  of  formations,  the  rocks  situated  in 
other  places  (for  instance,  in  the  valley  of  Necker) 
between  Jura  limestone  Mid  primitive  formations, 
are  suppressed.  In  the  British  Islands,  according 
to  the  observations  of  the  learned  professor  Buck- 
land,  and  those  of  MM.  de  Buch  and  Bou6,  the 
formation  of  syenite,  greenstone,  and  transition 
jMjrphyry,  (Ben  Nevis,  Grampians)  reposes  also 
immediately  on  primitive  rocks  (mica^slate  and 
urthon-schiefer).  It  appears,  consequently,  to  be- 
long to  the  first  group  of  porphyries,  of  which 
I  have  just  traced  the  history  (§  21.).  The  por- 
phyries of  the  north  of  England  and  those  of 
Scotland  are  sometimes  covered  by  grauwacke 
and  sometimes  by  the  coal  formation  ;  they  have  a 
ieldspathic  base,  and  are  often  found  destitute  of 
quartz  like  the  porphyries  of  equinoxial  America, 
Garnets  have  been  observed  in  them ;  this  phe- 
nomenon is  found  in  the  transition  porphyries  of 
'Zimapan  (Mexico),  and  in  those  that  crown  th^ 
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famous  mountain  of  Potosi,  and  which  probably 
belong  also  to  the  group. 

§  23.  If  the  mandelstein  of  Uefeld  makes,  a  pari; 
9S  M.  de  Raumer  believes,  of  the  red  Mihdstone 
formation,  the  gametiferous  porphyries  of  Nitzberg 
(in  the  Hartz)  are  probably  of  secondary  formation. 
In  Hungary,  garnets  occur  both  in  porphyries  or 
■porphyriticgreenstone  of  the  group  §23.,  andinthe 
conglomerates  of  the  trachytic  formation,  It  thence 
results,  that  the  garnets  penetrate  from  the  primi- 
tive rocks  (^eiss,  whitestone,  serpentine),  throu^ 
transition  porphyries,  as  far  as  into  the  trachytes 
Wid  volcanic  basalts,  and  that  in  the  zones  the 
most  distant  from  each  other,  certain  porphyries 
present  numerous  relations  with  trachytes.  I  ain 
not  informed  whether  the  titaniferous  syenite  of 
Keilendorf,  in  Silesia,  which  reposes  immediately 
upon  gneiss,  and  passes  to  a  transition  granite  with 
small  grains  destitute  of  hornblende,  belongs  to  the 
ancient  formation  of  group  §  21.,  or  is  a  fragment  of 
the  formation  §  23.  placed  accidentally  on  primitive 
focks.  Nothing  is  more  difficult  than  to  ascertain, 
with  certainty,  if  there  has  been  a  suppression  of 
some  intermediary  members  of  the  series  of  rocks, 
pr  if  the  immediate  contact  which  is  observed,  is 
that  which  would  be  found  every  where  on  t^e 
globe,  in  comparing  the  relative  age  or  position  of' 
the  same  formations. 
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III.  TBAsnmas    clat-slate    cohtaihing  obad- 

WACKB,     OBEEHSTONE,    BLACK     I.UIES10NE,     STB* 
mXE,   Ain>  PORPHTBT. 

S  33.  This  is  the  great  formation  of  ch^-riate 
that  crosses  the  western  Pyreaeefl,  the  Alps  of 
Switzerland  betwewi  Hartz  and  Glaris,  and  tiie 
north  of  Grermany  from  the  Hartz  as  far  as  to 
Be^um  and  Ardennes,  and  in  which  granwaclK 
and  fimestone  predominate ;  it  is  the:  clay-shtte  and 
transition  gneiss  of  the  Chittentio,  Brittany,  and 
Caucasus )  it  includes  the  schistose  rocks  in  Nor- 
w^  placed  Mow  the  porj^iyries  and  zircon^syer 
nites,  that  is,  between  porphyries  and  primitfve 
rocks ;  it  is  the  green  clay-^ate  with  Mack  lime- 
stone, serpfflitine,  and  gremstone  of  Malpasso,  jn 
ike  CordiHeni  of  Venezuda,  and  the  clay-sIate 
with  syenites  of  Guanaxuato,  at  Mexico.  We 
hare  already  stated  the  position  of  these  rocfcs  in 
the  di^rent  countries  which  we  have  just  named ; 
we  must  now  consider  them  as  a  whole,  and 
separate  the  results  of  geognosy  frmn  t^ose  ideas 
which  are  purely  local,  and  which  mineralogicid 
geography  presents.  The  group  §  2S.  reposes, 
Kke  the  two  precediBg  groups,  immediately  on 
the  primitive  rocks ;  it  is  distinguished  from  the 
former  (§  20.)  by  the  almost  total  absence  of  stea- 
titic  granular  limestone;  from  the  second  (§  21.) 
by  the  frequency  of  day-slate  and  grauwackes. 
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The  ttiHoving  fomutioDs,  closely  conneeted  to- 
gether, belong  to  th^  groap  (S  ^•)>  which  is  one 
of  the  best  known,  and  most  anciently  Mudied:  — 

Qa^skUe,  with  beds  o£  con^ct  qnartz,  gFau- 
wacke,  black  limestone,  lydian  stcHie,.  carbiHGtted 
EEMpelite,  porphyry,  greenstone,  soaoU-gramed  gra< 
nite,  syenite^  and  serpentine. 

Grauwacke  and  quartzose  sandstone. 

Black  limestone. 

These  rocks-  are  either  insulated,  or  altemata 
«ith  each  other,  or  foint  sidMidinate  beds.  I 
iMve  atr«ady  dncdflsed  the  diaractea^  tliat  maBlly 
ifiBtingttish  primitive  i'tom  transition  clay-slate; 
X  observed  ^tat  characteis  drawn  fkom  the  nuBe* 
latogical  conqKTSftion  of  rocks  hare  mit  the  abscdnta 
Ysiae  which  has  sotnetiines  been  ns^ed  to  themt 
md  that  ta  emph^  them  vitfa  success'  we  mnsi 
have  recourse  at  the  same  time  to  the  geegnosti« 
situation,  the  interposition,  or  absence  of  fra^ 
ftientary  beds  (conglomerate^  grauwackra),  and  the 
remains  of  organised  bodies,  which  are  totally 
wantiti^  in  ^imitive  formations,  and  wbidi  wa 
begin  to  flnd  in  transititm  formations.  Xlie  clay<- 
sl^es  of  the  latter  tbrmatioii  are  distinguiabed.  by 
their  veaiabhness,  their  continual  tendency  to 
diange  tiieir  composition  and  affect ;  by  the 
number  of  interposed  beds  ^  by  frequent  parages,  - 
sometimes  n^d,  sometimes  ^w  and  iosensHil^ 
to  ampelite,  ^ceous  schist^  greenstone,^  (h-  to  pori- 
phyroid  and  syenitic  rocks.  No  doubt  tiiesc 
chanj^  Md  effiicts  of  intemd  development  are 
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also  remarked  in  some  primitive  rocks.  M.  de  Char- 
pentier  observes,  that  the  gneiss-granites  of  the  Py- 
renees, which  contaia  almost  always  a  little  horn- 
blende disseminated  in  the  mass,  without  becoming 
syenites,  and  which  are  believed  to  be  primitive 
without,  being  more  ancient,  presents  a  great  num- 
ber offoreign  beds,  for  instance,  beds,  of  niica-slate, 
greenstone  and  granular  limestone.  In  the  same 
chain  of  mountains,  primitive  micarslate  con- 
tains disseminated  chiastoUte,  a  substance  in  ge- 
neral more  common  in  transition  day-slate.  The 
Alps  of  Switzerland,  and  princip^ly  the  pass^e  of 
Splugen,  so  well  described  by  M.  de  Buch,  fin:- 
nishes  a  mica-slate  of  primitive  formation,  which 
passes  insensibly  to  a  porphyry,  of  which  the  paste. 
is  compact  feldspar  and  contains  crystals  of  lamel- 
lar feldspar  and  quartz.  In  general,  however,  these 
changes  are  less  firequent  among  primitive,  than 
transition  formations. 

However  close  may  be  the  connection  which  we 
observe  between  rocks  that  constitute  the  same 
group,  or  between  the  diflFerent  groups  of  the  whole 
intermediary  formation,  we  see  notwithstanding, 
en  different  points  of  the  globe,  a  certain  degree 
of  independence,  not  only  between  the  six  groups 
or  terms  of  the  series  of  transition  rocks,  (for  in- 
stance, between  clay-slates  and  grauwacke,  por- 
phyries, and  syenites,)  but  also  between  the  partial 
members  of  each  group  or  association  of  inter; 
mediary  rocks.  It  thence  results,  that  to  under- 
stand well  those  circumstances  which  characterise 
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'Ihe  geological  constitution  of  a  country,  we  must 
study  these  relations  separately  (for  instance,  tbosie 
of  the  grauwacke,  clay-slate,  and  limestone,  con- 
tained in  the  group  §  22.,  and  determine  for  the 
different  formations  or  partial  members  of  the 
same  association,  their  d^rees  of  dependence  or 
independence  of  each  other.  We  see  them  either 
alternating  periodically,  or  enveloping  or  reduc- 
ing each  other  (by  an  unequal  increase  of  bulk)  to 
the  state  of  simple  subordinate  beds,  or  finally 
covering  each  other  mutually,  like  primitive  rocks 
of  different  formations. 

It  happens  in  fact,  that  the  partial  terms  of  the 
same  group,  «,  ft  y,  sometimes  succeed  each  other 
with  a  certain  regularity  in  a  periodical  series, 
«>  /S>  r>  ^  ft  y,  a.  At  other  times  a.  takes  so  great  a 
development,  that  ^  and  y  are  found  included  like 
simple  beds ;  again,  at  other  times,  «,  ft  y,  are 
merely  superposed,  the  one  on  the  other,  without  a 
periodical  return.  The  latter  case  does  not  exclude 
the  possibility  that  |8,  before  it  succeeds  to  a,  may 
appear  at  first  like  a'subordinate  bed.  There  hap- 
pens in  one  group  all  tiiat  we  remark  in  the  non- 
complex  terms  of  the  series  of  primitive  formations. 
It  may  be  said,  as  we  observed  above,  that  a  form- 
ation of  black  limestone,  which  constitutes  great 
masses  of  mountains,  and  is  superposed  on  masses 
equally  considerable  of  transition  clay-slate,  indi- 
cates, by  interposed  beds  of  black  limestone,  the 
approach  to  clay-alate.  When  ^  andy  form  included 
beds  in  «,  those  beds  may  be  so  frequently  repeated, 
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thiM  OB  a  grcAt  extent  of  ^ce  tiiej  msj  assume 
•the  aEjpect  of  altoraatiog  fodcs.  Thus  iaterme- 
iljwy  cky-slabe,  which  at  first  enveloped  graiL- 
wacke  and  black  limestoneit  and  then  alternated 
vikh  HieiDa  (defile  of  A«ton  in  the  Pyrenees,  Maxepa 
in  Saxony,)  finishes  by  covering  and  with  a  ^-eat  io- 
-{^^aseof  masSi-these  alternating  rocks,  to' frequently 
interposed  beds.  The  regularity  of  the  ^e  in  the 
|)aitial  formations -of  eveiy  group,  is  like  the  direc- 
tion of  strata  on  the  angle  made  by  those  strata 
-with  the  meridian.  Every  thin^  appears  at  first 
sight  confused  and  contradictory ;  but  when  all  is 
examined  with  care,  on  a  'great  extent  of  country, 
we  fionstantly  end  -by  -recognising  certain  laws  xtf 
postion  or  stratification.  If  the  type  which  we 
.discov^  in  the  suite-ci'  partial  formations  appears 
•to  vary  aiccordii^ -to  localities,  it  is  because -the  de- 
velopment of  those  ^small  formations  has  not  beep 
«wy  where  the  same.  SQmetimes,(Caucasu8)  poc- 
phyry,  limestone^  ^%ntte,  and  tcvisUion  jgranite 
iue  found  developed  at  -the  same  time  in  ^raudtion 
£lay-filatej  at  other  times  it'>:ontmns  nether  por- 
phyry (CotentLn,  Alps  of  Switzerluid)  nor  grai^- 
watike  (dbain  on  the  shore  of  Venezuela),  nor 
■transititm  ^nutite  and  syenite  (Pyrenees).  Tte 
jissoclatioa  of  transition  clay-slate  -  and  cgnyiact 
black  limestone  is  ;almost  as  constant  as  Ihat  ot 
-white  granular  limestone  with  mica-slate  in  the 
primitive  series.  W-e  find,  however,  transitjonlime- 
MUma,  wbidi  b^ii}g>assaci«ted  neither  to  cl^islat^ 
£>T  .^»Hwack^  »|)pears  to  replace  day-slate  ^eo- 


jbyGooglc 


gaosticaUy  j  but  I  know  not  a  sit^  potat  on  tbe 
two  contiBeBt:^  where  IranBitioa  cL^-^te  has  been 
seen  on  a  epace  at  all  considerable,  withoi^  bwig 
accoBi^pEuiied  by  luaeatone. 

We  iiaTO  Ju^  seen  that  in  some  parts  of  the  ^lobe 
^-Caacasos  aod  the  {leninsula  oi'  the  Coteatin)  in. 
termediacy  day-slate  contains  either  porphyries  or 
syenites  and  granites ;  in  other  parts  (Norway  and 
Sasony,  betvaen  f^drichswaide,  Maxen  and 
I>ahna_)  these  three  rocks,  after  having  speared 
as  subordinate  -beds  to  clay-slatQ,  are  found  placed 
over  iti  either  inaidately  and  £>naing  considerable 
maese^  <«  ^teraating  together.  Jt  is  only  in 
these  cases  «f  aepacation  4)r  alteniatioD>  that  an 
iadependeai  j^bmutiott  s^  porphyry  (Mexico),  or 
an  mdependattjfitrmaiion  t^^orpkifiy  and  sj^emie 
(Norway),  seem  to  cover  the  ibmoation  of  inter- 
mediary cia^'-Mittte.  The  same  separation  (if  not 
t^  aame  independence)  is  aometimes  observed  .in 
transition  limestone ;  and,  although  in  a  less  stsik- 
ii^  decree,  in  the,grauwackes. 

Syenite  and  granite  are  connected  in  -the  traus- 
itioB  series  fibber  with  -pog>hyrie3  than  ndth  mica- 
slate  or  ^^88,;  Mtefind,  in  the  same  seiie^  syenite 
without  ^[raiute^  but  it  is  atudi  juore  cane  to  £nd 
sjteiute  and  grtuiite  without  poipbyry.  When  .the 
partial  .members  of  a  ^oup,  ^,  ^  -^  altenuite  in 
periodical  succession,  and  oonsequently  are  .not 
iuterstxatifiad  the  one  with  the  other, like  aubordi- 
Mte  ibedn,  aor  .siyieipoBed  .like  distinct  rocks  at 
imaatians,  .it  is  difficailt  to  dotenuoieif  .^  and  )' ace 
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a  more  recent  formation  than  > ;  even,  however,  in 
the  case  of  what  is  called  ccmtemporary  origin,  we 
recognise,  by  an  attentive  examination,  certmn  pre- 
ponderaiices  of  formation.  Grauwacke  and  transi- 
tion clay-alate  are  in  general  more  ancient  than 
blade  limestone ;  or,  to  support  my  opinion  by  a 
very  ju&t  observation  of  M.  de  Charpentier,  "  it  is 
generally  observed  that,  notwithstanding  the  alter- 
nation in  that  part  of  the  intermediary  formation 
which  is  nearest  to  the  primitive  formation,  it  is 
grauwacke  and  clay-slate  that  predominate  in  great 
masses,  and  to  which  limestone  is  subordinate ; 
while,  on  the  contrary,  in  the  newest  part  of  the 
transition  formation,  limestone  is  the  preponderat- 
ing rock,  and  clay-slate  is  only  found  subordinate 
to  limestone  in  beds  more  or  less  thick." 

AAer  having  stated  the  relations  of  age  and  po- 
sition of  rocks  which  constitute  the  same  group, 
we  shall  now  more  particularly  characterise  each 
of  the  partial  formations. 

dat/slaie,  blackish-blue,  and  carburetted,  ctr 
greenish,  unctuous,  and  of  a  silky  lustre,  sometimes 
earthy,  and  in  very  thick  layers,  sometimes  in  very 
thin  lamins.  In  the  very  ancient  beds  that  pass 
to  transition  mica-slate  it  is  undulated,  and  pre- 
sents only  large  scaled  of  mica  strongly  adherent. 
In  newer  beds,  near  the  contact  with  grauwacke 
it  contains  very  small  insulated  scales  of  mica,  and 
frequently  also  chiastolite,  epidote,  and  veins  of 
quartz.  Transition  clay-slate,  characterised  by  its- 
extreme    variableness,   that   is,   by    its  continual 
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ieiidency  to  change  its  compbsitipn  and  aspect, 
contains  a  great  number  of  beds,  some  of  wbich, 
by  their  iirequent  repetition,  appear  to  form  with  it 
alternating  rocks.  The  most  usual '  effects  of  this 
internal  development  are  the  interposed  beds  of 
graiewacke  and  grauwadc&'slate ;  of  Umettone  ge- 
nerally black  and  compact,  or  dark  grey,'  some- 
times reddish  (Braunsdorf),  and  even  granular 
and  white  (Miltitz  in  Saxony),  as  in  the  group 
5  20.  J  of  greenttone-porphyry  (Caucasus,  Saxony, 
near  Friedrickswalde  and  Seidwitzgnind )  -,  of 
abtm-Blatei  or  ampeUte  highly  carburetted;  of  com- 
pact  quartz  (quartzite,  quartzfels  of  Hausmann), 
sometimes  with  small  crystals  of  feldspar  (Ke- 
midf  in  Finland);  i^i/fan  £/one  ^id  siliceous  schist 
These  two  latter  siliceous  substances  are  found 
in  the  formations  of  day-slate,  grauwacke,  lime- 
stone, and  in  the  form  of  jasper  in  porphyry ; 
they  prove  by  their  presence  the  get^ostic  affinity 
diat  exists  between  these  various  transition  rocks. 
Clay-slate  ($  33.)  contains  less  usually  subordi- 
nate beds  of  gneiss  (Lokwib^imd  and  Neutanne- 
berg) ;  mca-slate  and  granile  (Krotte  in  Saxony), 
Furstehstein  in  Silesia,  Honfleur  in  Normandy, 
Mofttherme  in  the  Ardennes;  granite  aad  stfenite 
(Caucasus,  Cotentin,  Calixelf  in  Norway);  gra. 
phic  schistose  clay  (achwarze  la^de ;  valley  of  Cas- . 
tillon  in  the  Pyrenees,  Ludwigstadt  in  Franconia) ; 
whet-slaie  (wetz-schiefer) ;  serpentine  (Bochetta, 
near  Genoa,  Lovezara  and  two  other  points  fur- 
ther north,  towards  Voltaggio ;  see  S  190  i  com^ 
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pact  fiid^tar  (valley  of  Arran,  in  the  Pyrenees, 
Poullaouen  in  Bretagne),  sometimes  pure,  da^ 
greenish-^ey  or  olive-green,  sometimes  (Pyrenees, 
Hartz,  and  the  eastern  part  of  Upper  Egypt)  mixed 
with  disseminated  ciystals  of  lamellar  feldspar, 
hmnblende,  schorl,  and  quartz.  A^Hien  compact 
fddspar  is  simply  mixed  with  hornblende,  it  forms 
the  gnmsteht'Schie^  of  Werner,  which  akemates 
with  transition  clay-alate  (AUenboig  m  Sweden^ 
and  is  fomid  in  primitive  formations.  Althoi^b, 
'  as  I  endeavoured  to  prove  in  my  Memoir  on  the 
/ScvmiTigf  aqd  kAoi  'H^axxno,  published  in  1790,  the 
mi^or  part  of  the  basalts  of  the  ancients  belong  to 
syenitic  transition  rocks,  or  to  beds  of  greenstone 
contained  in  primitive  rocks,  yet  the  examination  of 
the  Egyptian  statues,  preserved  at  Rome,  Nicies* 
London,  and  Paris,  gave  rise  in  my  mind '  to  the 
idea  that  many  of  the  black  and  green  bofioUs  of 
our  antiquaries  are  only  masses  of  compact  feld- 
sgaxt  irom  intermediary  formations,  and  colom«d 
either  black  or  green  by  hornblende,  chlorite,  car- 
bon, or  metaUic  oxids.  Nothing  but  a  chemical 
analysis  of  these  ancient  unmixed  masses  could 
solve  this  question  of  mineralc^cal  archaiol<^. 
M.  Beudant  saw  in  the  transition  formation  of 
Hungary,  porphyroid  greenstone  passing  into  a 
green  or  black  paste  of  homogeneous  appearance. 
This  paste  was  only  compact  feldspar  coloured  by 
hornblende. 

We  have  already  observed  above^  that  transition 
day-slate  ftmns  &r  greater  mass^  in  the  {^obe  than 
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primitive  clay-slate.  The  latter  is  generally  subor- 
dinate to  mica-slate  ^  as  an  independent  formation, 
it  is  as  rare  in  the  Pyrenees  and  the  Alps,  as  in  the 
Cordilleras.  In  South  America,  between  the  pa- 
rallels of  10°  north,  and  7°  south,  I  saw  transition, 
clay-alate  only  on  the  southern  declivity  of  the  lit-. 
tor^  chain  of  Venezuela,  at  the  entrance  of  the 
Llaaos  of  Calaboza.  The  basin  of  the  Llanos,  the 
bottom  of  an  ancient  lake  covered  with  secondary 
formations  (red  sandstone,  ze6hstein,  and  clay- 
gypsum),  is  bounded  by  a  band  of  intermediary  for- 
mation of  clay-slate,  black  limestone,  and  euphotide, 
connected  with  transition  greenstone.  Gneiss  and 
mica'Slate,  between  the  valleys  of  Avague  and  the 
Villa  de  Ceura,  constitute  only  one  formation  on 
which  clay-slate  reposes  in  conformable  position,  in 
the  ravines  of  Malpasso  and  Piedras  azules  (direc- 
tion N.  5T  E. ;  incUn.  70°  towards  the  N.W.),  of 
which  the  lower  beds  are  green,  steatitic,  and  mixed 
with  hornblende,  and  the  upper  are  of  a  greyish- 
green,  and  darkish-blue  Colour.  This  clay-state 
contains  (like  that  of  Steben,  in  Franconia,  the 
duchy  of  Nassau,  and  of  Pescbels-Miihle  in 
Saxony)  beds  of  greenstone,  sometimes  massive, 
at  other  times  of  a  globular  structure. 

The  famous  vein  of  Guanaxuato  in  New  Spfun, 
which,  from  1786  to  1803,  has  produced  yearly,  on 
an  average,  £56,000  marks  of  silver,  also  traverses 
transition  clay-slate.  This  rock,  in  its  lower  strata, 
passes,  in  the  mine  of  Valenciana  (at  the  height  of 
^%  toises  above  the  level  of  the  sea,)  to  a  talcose 
o  % 
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slate ;  and  I  described  it  in  my  Political  Essay,  as 
placed  OD  the  limit  of  the  primitive  and  interme- 
diary fonnations.  A  more  particular  examination 
of  the  relations  of  position  which  I  noted  on  the 
spot,  and  the  comparison  of  the  beds  of  syenite  and 
serpentine  which  have  been  pierced  in  di^;ing  the 
general  tiro,  with  the  beds  that  are  interposed  in 
die  transition  formations  of  Saxony,  of  the  Bocbetta 
of  Genoa,  and  of  the  Cotentin,  convinced  me  that 
liie  day-slate  of  Gutmaxuato  belongs  to  the  most 
ancient  intermediary  formations.  We  do  not  know 
whether  its  stratification  be  parallel  and  confitrmabk 
with  that  of  the  granite-gneiss  of  Zacatecas,  and  of 
PenoD  blancor  which  probably  supports  it,  the  con- 
tact of  these  fcvmations  not  having  been  observed ; 
but  almost  all  the  porphyry-rocks  on  the  great 
table-land  of  Mexico  follow  the  getieral  direction  of 
the  chain  of  mountains.  (N.  40°,  50°  W.)  .This  per- 
Ject  concordance  (Gleichfiinnigbeit  der  Lagehmg) 
has  been  observed  between  the  primitive  gneiss 
and  the  transition  clay-slate  of  Saxony  (Friedcick- 
swalde  j  vaUeys  of  Miiglrtz,  Seidewitz,  and  Lock- 
witz) }  it  proves  that  the  formation  of  the  intemue- 
diary  series  immediately  succeeded  that  of  the  last 
beds  of  the  primitive  series.  In  the  Pyrenees,  as 
M.  de  Charpentier  has  observed,  the  former  of 
these  series  is  tbuad  in  a  differcint  position  (not  pa- 
rallel), sometimes  in  trajisgressiveposition(Ihergrei- 
fende  Lagerung)  with  the  latter.  I  jshall  observe 
on  this  occasion,  that  the  paraUeUsm  between  the 
stratification  of  two  consecutive  /ormations,  or  the 
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absence  of  this  paralleUsm  does  not  alone  decide 
the  question  whether  the  two  formations  ^e  united 
or  not  in  the  same  primitive  or  secondary  series ; 
it  is  rather  the  sum  of  these  geognostic  relations 
that  scdves  that  problem.  The  clay-slate  of  Gua- 
naxuato  is  very  regularly  stratified  (direct  N.  46* 
W. ;  inclin,  45"  S.W.),  and  the  form  of  the  valleys 
has  no  influence  on  the  direction  or  inclination  of 
the  strfUa.  We  distinguish  there  three  varieties, 
which  maybe  considered  as  three  epochas  of  form- 
ation ;  a  clay-slate  of  a  silvery  lustre,  and  steatitic, 
pacing  to  a  talc-slate  (talk-schiefer)  ;  a  greenish 
clay-slate,  with  a  silky  lustre,  resembling  chlorite 
slate ;  finally,  a  black  clay-slate,  in  very  thin  l^ninee,. 
surcharged  with  carbon,  staining  the  figures  like 
ampelite  and  the  marly  slate  of  zechstein,  but  not 
effervescing  with  acids.  I  have  named  these  varie- 
ties in  the  order  in  which  I  observed  them  from 
below  upwards  in  the  mine  of  Valenciana,  which 
is  363  .toises  in  perpendicular  depth ;  but  in  the 
mines  of  Mellado,  Animas,  and  Rayas,  the  surcar- 
buretted  clay-slate  (^hoja  de  Ubro)  occurs  beneath 
the  green  and  steatitic  variety  ;  and  it  is  probable, 
that  the  strata  which  pass  to  talc-slate,  chlorite, 
and  ampelite,  alternate  several  times  with  each 
other. 

The  thickness  of  thb  formation  of  transition 
clay-sIate,  which  I  found  at  the  mountain  of  Santa- 
Rosa  near  Los  Joares,  where  the  Indians  collect 
ice  in. small  artificial  basins,  is  more  than  SOOO 
ieet.  It  contains  in  subordinate  lieds,  not  only 
o  S 
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syenite  (like  the  transition  clay-slate  of  the  Coten- 
tin),  but  also,  which  is  very  remarkable,  serpentina 
and  a  hornblende-slate  that  is  not  greenstone.  In 
digging  in  the  massive  rock,  the  tiro  general  de  . 
Vaknciana,  which  has  cost  nearly  seven  millions  of 
francs,  the  following  strata  were  found,  reckoning' 
downwards  for  ninety-four  tdses  of  depth :  an  an> 
cient  conglomerate,  representing  the  red  ssmdstone; 
black  transition  clay-slate,  strongly  carburetted,  in 
very  thin  laminie ;  clay-slate,  bluish.grey,  and  con- 
taining magnesia}  hornblende-slate,  greenish-black, 
a  little  mixed  with  quffltz  and  pyrites,  destitute  of 
feldspiu^,  not  passing  to  greenstone  and  altogether 
similar  to  the  hornblende-slate  (homblend-sehiefer) 
which  forms  beds  in  primitive  gneiss  and  mica-slate 
(§§  5.  and  11.);  green  serpentine  of  uneven  frac- 
ture and  fine  grain,  dull,  but  translucent  on  the 
edges,  containing  much  pyrites,  destitute  of  gar- 
nets and  diallage  metalloid  (schillerspath),  mixed 
with  talc  and  steatite;  hornblende-slate ;  syenite, 
or  a  granular  mixture  of  much  darkish-green  horn- 
blende, yellowish  quartz,  and  a  little  lamellar  and 
white  feldspar.  This  syenite  splits  into  very  thin 
layers ;  the  quartz  and  feldspar  are  so  irregularly 
spread,  that  they  sometimes  form  small  veins  in  a 
paste  of  hornblende.  The  syenite  is  the  largest  of - 
these  eight  interposed  beds,  of  which  the  direction 
and  inclination  are  exactly  parallel  to  that  of  the 
whole  rock ;  it  is  more  than  30  toises  thick ;  and, 
as  I  saw  in  the  deepest  working  of  the  mine  (plane* 
of  San  Bemado),  at  172  toises  below  the  bed  of  sye. 


jbyGoogIc 


nite,  carburetted  clay-slate  occurring  agun,  identical 
with  that  in  which  new  shaila  axe  beginning  to  be 
sunk,  no  doubt  can  remain  that  hornblende-slate  al- 
ternating twice  with  serpentina  and  serpentine  alter- 
natit^  probably  with  syenite,  fonn  beds  subordinate 
to  the  great  mass  of  clay-slate  of  Guanaxuato.  The 
connection  which  we  have  just  remarked  between 
homblende-rocks  and  serpentine,  is  found  in  other 
parts  of  the  ^obe,  in  formations  of  euphofide  of 
different  ages ;  for  instance,  at  Heidelberg  near  Zell 
an  Franconta-  (§  19) »  at  Keilwig  in  the  northern 
extremi^  of  Norway;  at  Portsoy  in  Scotland,  and 
and  at  the  island  of  Cuba,  between  Re^U  and 
Guanavacoa. 

I  saw  no  remains  t^orgaoised  bodies,  norbedsof 
porphyty,  grauwacke,  nor  lydian  stoue,  in  the  trans- 
ition clay-slM£  of  Guanaxoato,  which  is  the  rock 
richest  in  silver  that  has  hitherto  been  found }  but 
this  clay-slate  is  covered  in  conibnnable  position  in 
some  places  by  transition  porphyries  very  regu- 
larly fitratl6ed  (loe  Alamos  de  la  Sierra) ;  in  some 
by  greenstcme  and  syenites  alternating  thousancb  of 
times  tc^ther  (between  Esperanca  and  Coman- 
gillas;  and  in  others  dther  by  a  calcaretHis  <xa- 
l^omerate  or  by  transition  limestone  of  a  bluisb- 
grey  colour,  mixed  with  clay,  and  fine-grained 
(ravine  oif  Acsbuca),  or  by  red  sandstone  (Marfil). 
These  rehitions  of  the  clay-slate  of  Guanaxuato,  with 
the  rocks  which  it  supports,  and  some  of  which  (the 
syeaites)  appear  first  as  subordinate  beds,  suffice  to 
place  it  among  the  transition  formations ;   above 
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all,  they  justify  this  result  in  the  opinion  of  those 
get^osts  who  are  acquainted  with  the  observ- 
ations which  have  been  recently  publUhed  on  the 
intermediary  formatioDS  of  Europe.  With  respect 
to  lydian  stone,  there  can  be  no  doubt  that  it  is 
contained  on  some  points  not  yet  explcved,  in  the 
clay-slate  of  Guanaxuato ;  for  I  found  the  former 
substance  frequently  imbedded  in  large  fragments 
ID  the  ancient  conglomerate  (red  sandstone)  which 
covers  the  clay-slate  between  Yalenciana,  Marfil, 
and  Cuevas.  Ten  leagues  to  the  south  of  Cueva^ 
betwe^i  Queretaro  and  la  Cuesta  de  la  Noria,  in  the 
nuddle  of  a  Mexican  table-land,  a  transition  clay- 
slate  appears  beneath  the  porphyry,  darkish-grey, 
and  passing  both  to  siliceous  slate  (schistoid  jasper 
kiesel-schiefer)  and  lydian  stone.  Many  fig- 
ments of  this  latter  substance  are  found  near  the 
N<Mia,  scattered  in  the  fields.  The  rocks  with  ar- 
gentiferous veins  of  Zacatecas,  and  a  small  part  of 
the  veins  of  Catorce,  accwding  to  the  rq)ort  of 
two  well  informed  mineralogists,  MM.  Sonne- 
schmidt  and  Valencia,  also  traverse  transition  clay- 
slate,  which  contaiiM  true  beds  of  lydian  stone, 
and  which  appears  to  rest  on  syenites.  This  super- 
positi<Ni  would  prove,  according  to  what  has  been 
observed  of  the  tiro  general  of  Valenciana,  that 
the  clay-slates  of  Mexico  constitute  (as  at  Caucasus 
and  in  the  Cotentin)  the  same  formation  with  the 
transition  syenites  and  euphotides,  and  that  per- 
haps they  alternate  with  the  latter  rocks. 
Graiewacke.    This  barbarous  nam^  employed  by.  , 
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German  and  English  geogtiosts,  has  been  pre- 
served, like  that  of  thonschiefer  (clay-date),  to 
avoid  that  confusion  of  names,  so  prgudicial  to 
tlie  study  of  formations.  It  designates,  when  taken 
in  a  more  general,  sense,  every  con^omerate,  sand- 
stone, pudding-stone,  fragmentary  or  arenaceous 
rock  of  transition  formation,  that  is  anterior  to 
the  red  sandstone  and  coal  formation.  The  old 
red  sandstone  of  Herefordshire  (of  Mr.  fiuckland), 
j^aoed  beneath  .  the  mountain-limeBtone  (trans- 
ition limestone  of  Derbyshire),  is  a  sandstone  (rf 
the  intermediary  series  as  that  excellent  geor 
gnost  has  himself  indicated  in  his  memoir  on 
the  structure  of  the'  Alps.  The  new  red  .'con: 
glomerate  of  Exeter  is  the  red  sandstone  of  the 
fYendi  mineralogists,  or  todte  liegende  of  ihe  Ger- 
mans i  it  is  the  tirst  sandstone  of  the  secondary 
series,  that  is,  the  sandstone  of  the  coal  formation, 
winch  is  closely  connected  with  the  secondary  poTr 
phyiy,  which  is  called  on  that  account,  the  porphyry 
of  the  red  sandstone.  When  the  word  gratewacke 
(ironuUe  of  M.  d'Aubuisson,  ancient  psammit^,  mid 
quartzose  mimophyre  of  M.  Brongniart)  is  used  in  a 
more  confined  sense,  it  is  applied  to  the  arenaceous 
transition  rocks,  which  contain  only  small  fragments 
of  umple  substances,  more  or  less  rounded,  for  in- 
stance, c^  quartz,  of  lydian  stone,  of  feldspar,  and 
of  clay-state,  but  not  fragments  of  composed  rocks. 
Thegrauwackes  are  then  exduded,  and  we  give 
the  name  of  breccias  or  conglomerates,  .  with 
large  prmit'we  fragments  (§  SO.),  to  the  various 
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a^lutinations  of  pieces  of  granite  gaaaa,  and  sy^ 
nite ;  calcareous  pudding-stones  are  also  separated, 
in  which  rounded  fragments  of  carbonate  of  lime 
are  cemented  by  a  paste  of  ihe  same  nature.  All 
those  distinctions  (if  we  except  some  calcareous 
breccias,  in  which  the  ccmtained  and  the  containing 
matter  may  very  probaUy  be  sometimeB  of  ccm- 
temporary  origin)  are  of  no  great  importance  to  the 
study  of  formations.  Coarse  grauwacke  (grceskor* 
nige  grauwacke)  passes  by  degrees  to  a  conglo- 
merate with  large  fragments;  it  alternates  in  the 
same  country,  not  only  with  beds  of  fine-grained 
grauwacke  but  also  with  others  the  paste  of  which 
is  almost  homogeneous.  The  pudding-stones  and 
breccias  with  large  fragments  of  primitive  and  com- 
posed rocks  (urfels-conglomerate  of  Valorsine  in 
Savoy,  and  of  Salvan  in  the  Bas  Valais),  are  true 
gnuiwackes}  they  are  the  most  ancient  beds  of 
this  formation,  in  wiiich  fri^ments  with  distinct 
outlines  are  not  blended  into  the  mass,  and  c^  which 
the  slaty  cement,  with  curved  and  undulated  la- 
mins,  resembles  mica-sbite,  while  the  cement  of 
the  more  recent  grauwackes  of  the  Hartz,  the 
duchy  of  Nassau,  and  Mexico,  resembles  clay-slate. 
In  general,  the  conglomerates,  or  grauwackes  of 
the  group  %  30.  present  fragments  of  pre-existing 
rocks  of  a  much  more  conaider^e  and  unequal 
bulk  than  the  grauwackes  of  the  group  §  23. 

When  we  compare  these  with  transition  lime- 
stone, we  find  them  most  frequently  of  anterior 
ori^D }    they  sometimes  even  replace  transition 
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day-slate.  The  priority  of  grauwacke  to  the  lime- 
stone is  evident  in  the  Pyrenees,  and  in  Hungary. 
It  appears  that  in  the  latter  country  transition 
clay-slate  has  not  assumed  a  great  development; 
since,  far  from  being  there  an  independent  form- 
ation containing  grauwacke,  it  is,  on  the  con- 
trary, grauwacke-slate  (grauwacken-schi^er)  with 
agglutinated  scales  of  mica,  which  here  assumes 
all  the  characters  of  a  real  transition  slate.  In 
England  also,  the  ^"eat  insulated  mass  of  moun- 
tain-Umestone  (counties  of  Derby,  Gloucester, 
and  Somerset)  is  of  a  later  date  than  the  great 
mass  of  grauwacke  that  alternates  with  lime- 
stone strata;  but  when  we  examine  in  detail  the 
points  where  the  different  members  of  the  group 
%  22i  have  asumed  an  extraordinary  development, 
we  rec(^^e  two  great  limestone  formations  (the 
transition  limestone  of  Longhope,  and  the  moun- 
tain-limestone of  Derbyshire  and  of  South  Wales) 
alternating  with  two  formations  of  grauwacke 
(gruiwacke  of  May-Hill,  and  the  old  red  sandstone 
of  Mitchel-Dean  in  Herefordshire).  This  order 
of  position,  this  bisection  of  calcareous  and  are- 
naceous masses,  is  found  repeated  in  sever^  parts 
of  the  ^obe.  M.  Beudant  has  recognised,  in  Hun- 
gary, the  old  red  sandstone  of  England  in  the  quartz- 
ose  transition  limestone  of  Neusold,  which  lies 
upon  coarse-grained  grauwacke,  after  having  been 
interposed  in  it  j  he  thinks  he  recognises  the  moun- 
taiu'limestone,  placed  between  the  old  red  sand- 
stone^ and  the  coal  formation  of  England,  in  the 
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intermediary  limestone  of  the  group  of  Tetra.  If 
the  Oldenhom  and  tlie  Diablerets  belong,  which 
is  very  probable,  to  the  transition  series,  there 
is  also  in  Switzerland^  above  and  below  the  graur 
wacke  of  the  Dent  de  Chamossaire,  two  great 
formations  of  black  limestone,  which  M.  de  Buch 
has  long  since  distinguished  by  the  names  of 
first  and  second  transition  limestone.  In  Norway 
(Christianifiord),  the  grauwacke  is  cert^unly  newer 
dian  the,  intermediary  clay-slate,  and  the  orthoce- 
ratite-limestone. 

In  the  centre  of  Europe,  very  fine-grained  grau- 
wacke sometimes  contains  firagments  of  crystals 
of  .lamellar  feldspar,  which  give  it  a  poiphyroid  as- 
pect (Font  Pelessier,  near  Seroox;  Elm,  in  the 
passage  of  Splugen,  Nevsohl,  in  Himgary) ;  but 
We  must  not  confound  these  varieties  of  an  arena- 
ceous rock  with  beds  of  interposed  porphyry.  We 
shall. have  occasion  to  remark,  that,  in  both  ccai- 
tinents,  tiiese  broken  crystals  of  feldspar  are  found 
in  red  sandstone,  and  in  a  feldspathic  conglomerate 
much  more  recent.  In  the  southern  hemisphere 
grauwacke  forms,  according  to  M.  Eschwege,  the 
eastern  declivity  of  the  mountains  of  Brazil.  I 
found  this  same  rock  in  the  United  States  (chain 
of  the  AUeghanys)  containing  beds  of  lydian  stone 
and  black  limestone,  exactiy  similar  to  those  of  the 
transition  formation  of  the  Hartz.  M.  Maclure 
first  determined  the  real  limits  of  grauwacke,  firom 
Carolina  as  far  as  I^e  Champlain.  ,  In  the  north 
of  England  (Cumberland,.   Westmoreland,)   this 


jbyGoogIc 


formation  furnishes   beds   of  garnetiferous    por- 
phyry. 

Transition  limestone.  This  rock  ccanmences, 
either  by  forming  beds  in  grauwacke  and  interme- 
diary clay-slate,  or  by  ^temating  with  them ;  the 
clay-sUte  and  grauwacke-slate  aflerwards  disappear, 
and  the  superposed  limestone  becomes  a  simple 
Jormation,  which  we  should  be  tempted  to  call  in- 
dependent, although  it  still  belongs  to  the  group 
S  32.  When  there  is  an  alternation  of  schist  and 
limestone,  that  alternation  takes  place  either  by 
thick  beds  (summit  of  the  Bochetta  near  Genoa, 
and  the  road  between  Kovi  and  Gavi)  as .  in  the 
composed  Jbrmations  of  granite  and  gneiss,  grau- 
wacke and  grauwacke-slate,  syenite  and  greenstone, 
clay-slate  and  poiphyry ;  or,  the  alternation  extends 
to  the  thinnest  layers  of  ihe  rocks  (calschistes), 
so  that  every  layer  of  schist  ia  cemented  to  one  of 
limestone  (valleys  of  Campua  and  OneiU.in  the 
Pyrenees,  and  mountains  of  Ponik  in  Hungary). 
'  In  the  same  manner  as  we  find  in  the  Pyrenees, 
interposed  in  granite-gneiss  and  in  primitive  mica- 
slate,  beds  of  limestone,  which,  from  their .  as- 
pect only,  might  be  considered  as  intermedlvy, 
viz.  greyish-black  limestone  (Col-  de  la  Trappe) 
coloured  by  graphite  which  is.  the  most  ancient  of 
the  carbonaceous  substances,  fetid  limestone  givii^ 
the  smell  of  sulphuretted  hydrogen,  and  compact 
limestone  filled  with  chiastoUte ;  so  do  the  trans- 
ition formations  also  of  the  group ,  §  S2>  exhibit 
some  examples  of  white  and  .granular  Umeiston^ 
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(Millitz  in  Saxony,  i^eys  of  Osson  and  Soubic 
in  the  Pyrenees).  In  general,  however,  if  we 
except  the  group  $  SO.  (that  of  which  the  Ta- 
rentaise  afibrds  the  type),  the  limestones  of  inter- 
mediary formation  are  either  compact,  or  pass  to 
fine-grained  granular  limestone.  Their  colours  are 
darker  (raven-grey,  dark-grey,)  than  those  of 
primitive  limestones.  The  greatest  number  of  the 
tine  varieties  of  red,  gre^i,  and  yellow  marble), 
(valley  of  Luchon  in  the  Pyrenees,)  celebrated 
among  antiquaries  by  tiie  names  of  AJrkanJlo/wered 
marble^  black  qf  LucuBus,  antique  yeUofw  and  red, 
pavonazxo  and  gilded  breccia,  ^pear  to  me  to  belong 
to  the  limestones  and  calcareous  conglomerates  of 
transition.  We  have  seen  above,  that  the  chiasto- 
Itte  of  transition  clay-slate  appears  as  an  exception 
in  primitive  clay-slate ;  in  a  similar  manner,  tre- 
molite,  so  common  in  dolerite  and  primitive  white 
limestone,  occurs  (between  Giellebeck  and  Doa- 
mea  in  Nwway)  m  black  transition  limestone. 
Some  mineral  species,  no  doubt,  belong  more  to 
rnie  particular  age  than  to  any  oth»  \  but  their  re- 
lations with  the  formations  are  not  sufficientiy  ^- 
clusive  to  finm  diagnostic  characters  in  a  science  in 
which  the  posititm  only  ought  decide  positively. 
Local  circumrtances  have  often  a  singular  influence 
cm  the  connection  between  mineral  species  and 
fonnations.  In  the  Pyrenees,  and  chiefly  in  South 
America,  disseminated  garnets  are  peculiar  to 
gneiss,  whilst  every  where  else  they  seem  rather  to 
bdoDgto  mica-date. 
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Tnuudtion  limestones,  where  they  form  great  in. 
sulated  masses,  abound  in  silica,  and  sometimes 
(chfun  of  the  Pyrenees)  this  silica  is  found  united 
in  crystals  of  quartz;  sometimes  (chain  of  the 
Alps)  it  is  mixed  mth  the  whole  mass  like  a  very 
line  sand.  In  the  fonner  of  th^e  chains,  the  in- 
terme<Uary  limestone  contain^  like  primitive  lime- 
stone beds  of  greenstone  (valley  of  Saleiz),  and 
even  compact  feld^ar,  two  rocks  that  are  ge- 
nendly  more  common  in  intermediary  day-slate ; 
beds  of  greenstone  are  also  found*  according  to 
M.  Mobs,  in  the  truisiUon  limestcHie  of  Slyria  ^ 
uid  the  mandelstein  of  the  mountain-limestone  of 
Derbyshire,  (between  SheflSeld  and  Castelton), 
belong  to  a  system  of  subordinate  beds  geognosti- 
cally  analogous.  These  beds  often  assume  the  as- 
pect of  true  veins. 

The  immense  development  which  intermediary 
limestone  atttuna  in  the  high  chun  of  the  Alps 
might  lead  us  to  believe,  that  the  group  §  22. 
contains  two  distinct  formations  j  one  of  which,  the 
most  ancient,  comprehends  the  schists  and  grau- 
wackes,  with  the  contained  porphyries  and  lime. 
atones ;  and  the  other  of  a  more  recent  date,  the 
limestones  considered  as  independent  rocks;  but 
this  separation  does  not  appear  to  be  sufficiently  jus- 
tified by  the  geognostic  constitution  of  the  series. 
In  Switzerlandt  as  well  as  in  England,  great  masses 
of  limestone  ^ternate  with  transition  breccias ;  and 
these  very  limestones,  which  it  is  attempted  to 
raise  to  the  rank  of  independent  formations,  mani- 
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fest,  hy  the  interposed  beda,  a  close  connection.with 
all  the  other  members  of  the  group. 

J  SS.  M.  de  Charpentier  has  observed,  ia  the 
intermediaiy  limestcKie  ofDiaUereta  and  Oldenhorn, 
beds  of  grauwacke-slate.  Acceding  to  that  experi- 
enced geognost,  the  saliferous  gypsum  of  Bex  is 
subordinate  to  a  transition  limestone  that  r^Mses 
OH  grauwacke,  and  alternates  at  the  same  time  with 
this  latter  rock  and  transition  clay-slate.  The 
lower  strata  of  tranution  limestone  are  very  black 
and  filled  with  belemnites ;  the  upper  strata  tae 
argillaceous,  and  contain  ammonites.  The  anhy- 
drous gypsum,  in  which  rock-salt  is  disseminated, 
belongs  to  those  upp^  strata;  it  displays  in  its 
turn  subordinate  beds  of  common  or  hydrous  gyp- 
sum, compact  limestone,  clay-skte,  grauwacke  and 
breccias.  Thus  every  deposite  of  salt,  coal,  and  iron 
ores,  in  the  intermediary  and  secondaiy  fonnations, 
contain  sniaU  local  Jbrmatums  which  must  not  be 
confounded  with  the  real  terms  of  die  geognostic 
series.  According  to  the  observations  of  M.  de 
Charpentier  and  M.  Lardy,  the  gypsum  of  second- 
ary formation,  con^dered  only  in  great  masses, 
is-  always  -  hydrated  (Thwiage),  while  tran^tion 
gypsum  (Bex)  is  anhydrous,  or  hydrated  epigone. 
The  geognosts  are,  however,  still  divided  in  opinion 
on  the  age  of  the  saliferous  deposite  of  Switzerland. 
M.  de  Buch,  in  his  letters  to  M.  Escher,  published 
in  1809,  seems  to  place  tlie  saliferous  gypsum  of 
Bex  between  the  grauwacke  of  tiie  Dent  de  Cha- 
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mossaire,  and  the  conglomerate  of  Sepry:  MM. 
de  Bonnard  and  Beudant  consider  it  as  secondary, 
and  belonging  either  to  the  coal  sandstone,  or  to 
zechstein :  such  it  also  appeared  to  M.  Freiesleben 
and  myself,  when  we  examined  that  country  in 
1795. 

In  the  chain  of  the  Pyrenees,  the  limit  between 
the  transition  formations  (Peak  long.  1668  toises ; 
Peak  d'Estals,  15^  toises)  and  the  formations  of  red 
sandstone  (mountains  of  Larry,  1100  toises)  and 
the  alpine  limestone  (Montpwdu,  17*7  toises)  may 
be  very  accurately  traced.  Wherever  there  is  red 
sandstone, two  limestones  maybe  distinguished;  one 
that  covers  the  red  sandstone,  and  one  by  which 
it  is  supported,  rnie  first  of  these  limestones, 
whatever  may  be  its  composition  and  colour,  is,  ac- 
cording to  those  geognosts  who  name  formations 
according  to  their  position,  an  alpine  limestone 
(zechstein);  the  second  is  a  transition  limestone.  On 
the  high  chain  of  the  Alps  (and  we  shall  aflierwards 
return  to  this  interesting  subject,)  the  red  swidstone 
is  not  better  characterised  than  it  is  in  a  great  part 
of  the  Cordilleras  of  the  Andes ;  it  may  even  be 
doubted  if  it  exists  there.  It  is  therefore  very  pro- 
bable, that  the  limit  between  the  alpine  limestone, 
or  zechstein,  and  the  most  recent  transition  lime- 
atone,  cannot  be  determined  with  certainty.  The 
limestones  of  the  southern  band  of  the  Alps,  viz. 
that  of  the  Dent  du  Midi  of  Smnt  Maurice,  of 
the  Dent  de  Morcle,  of  the  Diablerets  (if  we  except 
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the  very  shelly  summit  at  the  north-east  of  Bex), 
of  the  Oldenhom,  of  the  Gemmi,  of  tlie  Jungfrau, 
of  the  Titlis  and  Todi,  are  as  evidently  transition 
as  the  limestone  of  Longhope,  Dudley,  or  Derby- 
shire, in  England ;  those  of  the  valleys  of  Campan, 
and  Luchon  in  the  Pyrenees ;  or  those  of  Namur 
in  Belgium;  of  Biankenbouig,  of Elbingerode, 
and  Scharzfeld  and  Schneeberg  near  Vienna  in 
Germany.  The  evidence  is  much  less  strong  for 
the  northern  limestone  band  of  the  Alps,  the  rock 
of  Mole,  of  the  Dent  d'Oche,  of  the  Molesson, 
the  Tour  d'Ay,  the  Dent  de  Jament,  Stockhorn, 
Glarnisch,  and  Sentis,  which  some  celebrated 
geognosts  consider  as  zechstein,  and  others  as  the 
latest  transition  limestone.  The  rocks  of  the 
southern  and  northern  band  of  the  Alps  have  been 
often  confounded  under  one  common  denomination, 
that  of  limestone  qf  the  high  mountains  (HocftgC' 
birgskalksteiTi) ;  a  denomination  which  would  be 
still  more  vague  than  that  of  alpine  limestone,  if 
any  idea  oi  geographic  position  were  attached  to  it, 
and  if  it  only  expressed  the  position  of  certain 
rocks  at  very  great  heights.  The  word  alpine  lime' 
stone,  considered  in  its  origin  as  synonymous  with 
zechstein,  indicates  a  geognostic  position,  a  form- 
ation placed,  whether  it  be  in  the  plains,  or  in  the 
chmns  of  very  lofty  mountains,  immediately  above 
tlie  red  sandstone.  It  is  a  remarkable  fact,  that 
the  encrinital  limestone  (mountain-limestone),  and 
even  the  transition  conglomerate  (old  red  sand- 
stone) which  supports  this  limestone,  contain,  in 
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England  and  Scotland,  some  tfaces  of  ooal  that  dif- 
fers from  anthracite. 

The  true  variolites  (Durance,  Mont  Rose)whit4i 
contMn  nodules  of  compact  feldspar  disseminated 
in  an  intimate  and  almost  homogeneous  mixture  of 
hornblende,  chlorite,  and  feldspar,  belong  either  to 
the  groupwehave  just  described,  or  to  the  following 
group.  They  are  perhaps  only  subordinate  beils 
in  greenstone-porphyry,  beds  in  which  a  certjun 
quantity  of  feldspar  has  separated  from  the  mass. 
These  variolites  were  long  thought  to  be  only  peb- 
bles, or  large  detached  fragments ;  they  must  not 
be  confounded  with  the  variolites  with  nodiiles  of 
cidc-spar  (blatterstein)  subordinate  to  green  trans- 
ition clay-slate,  nor  with  the  variolites  that  are 
occasioned  by  infiltration  into  the  mandelstein  of 
the  red  sandstone. 

Although  we  are  yet  far  from  being  able  to 
complete  the  history  of  every  intermediary  and 
secondary  formation,  by  the  enumeration  of  tlie 
species  of  fossil  bodies  that  are  found  in  them, 
we  shall,  however,  indicate  some  of  those  organic 
remains  which  seem  to  characterise  the  group 
§22.  In  clay-slate  and  grauwacke,  and  princt- 
pdly  in  grauwacke-slate  ;  monocotyledon  plants 
(arundinac6es  or  bambousac6es)  perhaps  anterior  to 
the  most  ancient  animals,  entrochites,  coralites, 
ammonites  (valleys  of  theCastUlon  in  the  Pyrenees ) 
base  of  the  mountMn  of  Fis,  in  Savoy ;  duchy  of 
Nassau,  and  the  Hartz  in  Germany) ;  bysteroUtes, 
orthoceratites,  much  more  rare  than  in  interme- 
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diary  limestone,  pectinites  (Gerolstein  in  Ger- 
many) ;  trilobites  of  M.  Wahlenburg,  in  which  we 
discern  no  trace  of  eyes  (Olstorp  in  Sweden) ; 
ogygies  of  M.  Brongniart,  in  which  the  eyes 
may  be  s^d  to  be  indicated  only  by  two  tube- 
rositiee  on  the  scutum  (Angers  and  North  Ame- 
rica) ;  calymene  of  Tristan,  and  calymene-ma- 
crophtdme  of  Brongniart  (Bret^ne,  Cotenliu). 
In  the  limestone,  viz.  in  the  most  ancient  beds, 
entrochites,  madrepores,  belemnites  (Bex,  in  Swit- 
zerland J  Peak  of  Bedillac  in  the  Pyrenees)  j 
sometimes  ammonites,  never  in  beds,  but  insu- 
lated ;  orthoceratites,  Asaphus  Buchii,  A.  Haus- 
manni  (Wales,  Sweden);  very  few  bivalve  shells. 
In  the  newer  beds  of  limestone,  Calymene  Blu- 
menbachii  (Dudley  in  England,  and  Mia;md.in 
North  America);  Asaphus  caudfltus  of  Brongniajt, 
ammonites,  terebratulites,  orthoceratites,  some  giy- 
phites  (Namur,  Avesnes) ;  and  encrinites.  In  Ger- 
many, the  transition  limestone  is  sometimes  (Eifiel, 
and  duchy  of  Bergen)  entirely  filled  with  shells. 
The  granular  limestone  of  the  Isle  of  Paros  (Link, 
Urwelt,  page  3.)  contains  organic  remains,  accord- 
ing to  a  passage  of  Xenophane  of  Colophon,  pre- 
served in  Origen  (Philosopkumena,  c.  xiv.,  t.  i.,  p. 
893.,  B,edit.£>elame)i  but  it  is  still  doubtful,  from 
what  we  read,  ia^  or  apu^,  if  those  remains  are  of 
the  v^etable  kingdom  (the  wood  of  the -laurel),  or 
of  the  animal  kingdom  (impression  of  an.  andiovy). 
We  do  not  insist  on  this  observation,  for  it  is  pos- 
sible that  the  marble  of  Paros  may  be  as  little  primi- 
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tive  as  that  of  Carara,  on  which  I  have  the  sune 
doubts  as  several  celebrated  geognosts.  The  phe- 
nomenon, of  caverns  does  not  oppose,  however,  the 
high  antiquity  assigned  to  the  limestones  of  the 
Arc^pelago.  In  some  countries  (Silesia,  near  Kau- 
fungen }  Pyrenees,  valleys  of  Naupounts,  and  moun- 
tain of  Meigut)  there  are  caverns  in -rocks  that 
appear  to  be  primitive  limestone. 

IV.  &  V. '  PORPBTSIES,  SYENITES,  AND  GREENSTONE 
POSTERIOR  TO  TRANSITION  CLAT-SLATE,  SOME- 
TlilES  EVEN  TO  LIMESTONE  WITH  ORTHOCERA- 
TITES. 

%  2^.1  place  in  two  groups,  what  perhaps  form 
but  one,  the  porphyries,  greenstone-porphyries, 
and  syenites,  which  I  have  seen '  in  both  hemi- 
spheres covering  transition  clay-slate.  These  rocks, 
by  their  composition  and  their  relations  with  tra- 
chytes placed  immediately  on  them,  present  a 
great  analogy  with  the  more  ancient  group  §  21. 
It  is  in  these  porphyries  and  porphyritic  green- 
stones, that,  at  the  north  of  theequatOT,  in  Mexico 
and  in  Hungary,  the  immensely  rich  gold  and  silver 
mines  have  been  discovered ;  for,  although  the 
metalliferous  rock  of  Scbemnitz  {saxum  metaUiferum 
of  Bom)  may  perhaps  be  posterior  to  the  transition 
limestones,  containing  some  indistinct  organic  re- 
mains, this  position,  in  the  (pinion  of  a  celebrated 
geognost,  M.  Beudant,  is  too  uncertain  to  separate 
formations  so  closely  allied  as  those  oi'  New  Spain 
p  3 
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aiid  Hungary.  The  syenites  with  zircons*  the  trans. 
itioo  granites  and  porphyriesofNorway.whichMM. 
de  Buch  and  Huismann  have  made  us  acquainted 
with,  are  not  only  posterior  (Stromsoe,  KrogakoTen) 

to  grauwacke  and  a  clay-slate  that  alternates  with 
orthoceratite-limestone,  but  these  rocks  alao  cover 
(iSkeen)  immediately  a  quartzite  (quartzfels)  that 
rq>resents  grauwacke,  and  reposes  on  a  black  lime' 
slone  destitute  of  alternating  beds  of  day-slate. 

From  these  considerations  it  results,  that  there 
are  sufficient  reasons  for  uniting  the  groups  §§33. 
and  24.,  distinguishing  among  transition  porphyries 
only  two  independent  formations,  one  anterior,  the 
other  posterior  to  clay-slate,  and  a  third  formation 
(§  22.)  subordinate  to  that  rock.  The  proper^ 
wluch  pertain  porphyries  and  porphyritic  syenites 
possess  of  being  eminently  metalliferous,  ought  not, 
I  think,  to  oppose  the  union  of  the  rocks  of  Mexlccs 
Hungary,  Saxony,  and  Norway.  The  ores  of  gold 
and  silver  do  not  form  contemporary  beds,  but  are 
veins  of  extraordinary  size.  Some  transition  por- 
phyries, several  of  which  we  should  be  tempted  to 
place  among  trachytes  because  they  contain  true 
b«ds  of  phonolite  with  glassy  feldspar,  participate 
in  these  mineral  riches,  which,  among  the  rocks 
posterior  to  primitive  formations,  were  long  thought 
to  be  found  exclusively  in  carburetted  and  mica- 
ceous clay-slate,  grauwacke,  and  transition  lime- 
stone. There  exist  in  the  same  regions  groi^  of 
porphyries  and  syenites,  very  analogous  in  thar 
mineralogicai  composition  and  their  position,  tathe 
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rocks  containing  the  rich  mines  of  Scbemnltz  or 
New  Spain,  and  which,  nevertheless,  are  found  en- 
tirely  destitute  of  metals.  This  is  the  case  with 
almost  all  the  transition  porphyries  of  South  Ame- 
rica. The  great  workings  of  Peru,  those  of  Hual- 
gayoc  or  Chota,  and  Uauricocha  or  Pasco,  are  not 
in  porphyry,  but  alpine  limestone.  The  famous. 
Cerro  del  Potosi,  in  the  republic  of  Buenos-Ayres, 
is  composed  of  clay-slate  (transition  ?)  covered  by 
porphyries  that  contain  disseminated  garnets. 

If  the  great  argentiferous  and  auriferous  deposits 
that  have  formed  for  ages  the  wealth  of  Hungary 
and  Transylvania,  are  found  solely  amidst  syenites 
and  porphyritic  greenstones,  we  must  not  tiience 
conclude  that  it  is  the  same  in  New  Spain.  The 
Mexican  porphyries  no  doubt  offer  insulated  ex- 
amples of  immense  riches.  At  Pachuca,  the  only 
pit  of  del  Encino  furnished  alone  annually,  during 
a  long  time,  more  than  30,000  marks  of  silver  ;  in 
1726  and  1727,  the  two  workings  of  la  Bisciuna 
and  Xacal  gave  together  542,000  marks,  that 
is,  almost  twice  as  much  as  all  Europe  and 
Asiatic  Russia  produced  in  the  same  interval. 
These  same  porphyries  of  Real  del  Monte,  wliich 
are  connected  by  their  upper  beds  with  porphyiitic 
trachytes  and  pearlstone,  with  obsidian  of  Cerro 
de  las  Navajas,  furnished  by  the  working  of  the 
mine  of  la  Biscaina,  to  the  count  of  Regla,  fi'om 
176s  to  I78I,  more  than  eleven  millions  of  pias- 
ters. These  riches,  however,  are  still  inferior  to 
those  which  are  drawn  in  the  same  country  from 
F  4 
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traasition  fonnations  which  are  .not  porphyritic. 
The  veta  negra  of  Sombrerete,  which  traverses  a 
contact  limestone  containing  nodules  of  lydian 
stone,  has  furnished  the  example  of  the  greatest 
abundance  of  silver  which  has  been  observed  in  the 
two  worlds ;  the  family  of  Fagoaga,  or  of  the  Mar- 
quis del  Apartado,  drew  from  thence  in  a  few 
months^aneatprofitoffournuUionsofpiasters.  The 
produce  of  the  mine  of  Valenciana*  worked  in  transi- 
tion slate,  has  been  so  constant;  Uiat  to  the  end  of 
the  last  centuiy,  it  never  ceased  to  furnish  annually, 
during  forty  years  successively,  above  360,000 
marks  of  silver.  In  general,  in  the  central  part  of 
New  Spain,  where  porphyries  are  frequent,  it  is 
not  that  rock  which  affi>rds  the  precious  metals  in 
the  three  great  workings  of  Guanaxuato,  Zacatecas^ 
and  Catorce.  These  three  mining  districts,  which 
yield  the  half  of  aU  the  Mexican  gold  and  silver, 
are  situated  between  the  18°  and  23°  of  north  lati- 
tude. The  miners  there  work  on  metalliferous 
mineral  deposits,  almost  entirely  in  intermediary 
formations  of  clay-sIate,  grauwacke,  and  alpine  lime- 
stone ;  I  say  almost  entirely,  for  the  famous  Veta 
madne  de  Guanaxuato,  richer  than  Fotosi,  and 
furnishing  till  1804,  on  an  average,  a  sixth  of 
the  silver  which  America  pours  into  the  circulation 
of  the  whde  world,  traverses  both  clay-slate ,  smd 
porphyry.  The  mines  of  Belgrado,  San  Brun(^ 
and  Marisanchez,  opened  in  the  porphyritic  part 
at  the  south-east  of  Valenciana,  are  but  of  small 
importance.  Other  workings  carried  on  the.por- 
phyries  of  the  group  §  23.  (Real  del  Monte,  Mo- 
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ran,  Pachuca,  and  Bolanos),  dp  not  now  furnish 
above  100,000  marks,  or  a  twenty-fifth  part  of  the 
silver  exported  (1803)  from  the  port  (rf  Vera  Cruz. 
I  thought  it  was  here  proper  to  ^te  these  &cts, 
because  the  denomination  which  I  have  (rflai  used 
in  my  works  oimetaM^rous  porphyries,  im^i  lead, 
to  the  error  of  considering  the  metallic  riches  of 
the  new  world  as  procured  .in  .great  part  from 
transition  porphyries.  .The  more  we  advance  in 
the  study  of  the  constitution  of  the  globe  in  dif- 
ferent climates,  the  more  we  are  convinc^ed  that 
there  scarcely  exists  one  rock  anterior  to  dpine- 
Hmestone  which  has  not  been  found  in  some  coun-, 
tries  extremely  argentiferous.  The  phenontenon 
of  these  ancient  veins  in  which  our  metallic  riches 
are  deposited  (perhaps  as  the  specular  iron  and 
muriate  of  copper  are  deposited  in  modem  times 
in  the  fissures  of  lava),  is  a  phenomenon  that  ^>-. 
pears  is  some  degree  independent  of  the  specific 
nature  of  rocks.  ,    i 

To  give  a  precise  idea  of  the  composition  of  the 
porphyry,  syenite,  and  greenstone  formation,  pos.- 
teripr  to  transition  clay-slate,  it  is  necessary,  in  the 
present  state  of  the  science  to  distinguish  four. 
partial  JhrmationSf  viz.— those 

of  the  equinoxial  re^pn  of  the  new  continent, 
,  of  Hungary, 

of  Saxony,  and 

of  Norway., 
Notwithatanding  the  relations  that  conceal  these 
partial  formations,  each  of  them  exhibits  very  re- 
markable differences.    We  shall  designate  them  by 
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simple  geographical  names,  according  to  the  places 
which  supply  the  most  distinct  types,  without  in- 
ferring from  thence  that  the  formation  of  Hungary 
cannot  be  found  in  the  new  continent,  or  that  of 
Guanaxuato,  with  all  the  circumstances  that  ac- 
company it,  in  some  parts  of  Europe. 

A.    Groups   of  the  eqmnoxial  region  qf  the 
new  continent, 

a.  In  the  northern  hermsphere.  What  in  gene- 
ral characterises  the  porphyries,  in  part  extremely 
metalliferous,  of  equinoxial  America  (those  of 
group  §  23.  as  well  as  those  of  group  §21.),  is 
the  almost  total  absence  of  quartz,  and  the  pre- 
sence of  hornblende,  glassy  feldspar,  and  some- 
times of  pyroxene ;  I  have  insisted  on  these  distinc- 
tive characters  in  all  the  works  which  I  have  pub- 
lished since  1805 ;  they  are  also  found  in  great 
part  in  the  porphyries  or  porphyritic  greenstones, 
equally  metaUiferous,  of  Hun^iry  and  Transyl- 
vania.  The  Mexican  porphyries,  as  we  have 
observed  above,  often  contain  two  varieties  of  fdd- 
spar,  the  common  and  the  glassy  j  the  former 
resists  decomposition  much  less  than  the  latter. 
They  are  almost  as  well  distinguished  by  the  form 
of  their  crystals,  whether  large  or  slender,  as  by 
the  lustre  and  lamellar  structure,  more  or  less  dis- 
tinct. The  quartz,  if  it  sometimes  appears,  is  not 
crystallised,  but  in  sm^  irregular  gr^ns ;  pyrox- 
ene and  garnet,  which  are  found  also  in  the  por- 
phyritic greenstone   of  Hungary,  are  very  rare. 
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The  argentiferous  Mexican  group  abounds  less  in 
hornblende  j  mica,  which  is  found  in  some  tra- 
chytes, is  always  wanting  in  the  porphyries  of  New 
Spain.  These  rocks  are  for  the  most  part  very  re- 
gularly stratified;  and  also  the  direction  of  their  stra- 
ta is  often  (between  Mo^onera  and  Sopilote,  at  the 
north  of  Acapulco,  at  Puerto  de  Santa  Rosa,  near 
Guanaxuato,)  ctmcordant  with  the  direction  of  the 
primitive  and  intermediary  rocks  to  which  they  are 
superposed.  In  New  Spain,  as  well  as  in  Hungary, 
the  trachytic  formation  is  placed  immediately  w» 
metalliferous  porphyries ;  but  in  the  former,  the 
porphyries  are  covered  oa  some  points  (Zinj^an> 
Xaschi,  and  Xacala)  hy  darkish-grey  transiti(Ml 
limestone,  on  some  (VUIalpando)  by  red  sand- 
stone, and  on  others  (between  Masatlan  and  Chil- 
panzingo ;  between  Amajaque  and  Magdaleua ; 
between  San  Francisco  Ocotlan  and  la  Puebla  de 
los  Angeles ;  between  Gholula  and  Totom^i»can)  ■ 
by  alpine  limestone. 

The  transition  porphyries  of  Hungary^  Saxony, 
and  Norway,  are  of  a  very  compHcated  structure  j 
they  alternate  with  syenites,  gramtes,  and  green- 
stones ;  and  when  there  is  no  aJtematioji,  these  three 
latter  rocks,  and  even  the  micarslate  and  steatitic 
Hmestcoie  are  found  contained  as  subordinate  beds» 
in  porphyries.  The  abundance  of  those  subordinate 
beds  separates,  in  a  very  decided  manner,  the  por- 
phyries of  Hungary  and  Norway  from  the  trsr 
ehytic  rocks  ;  it  also  removes  from  the  porphyries 
ef  New  Spain*  which  resemble  them  m  their  mine- 


jbyGooglc 


nilogical  composition  (by  the  nature  of  their  psmte,' 
and  imbedded  crystals).  There  is  a  great  simpEcity 
in'  the  structure  of  the  Mexican  porphyries  i  they 
form  an  immense  and  uninterrupted  series  of  sub- 
ordinate beds.  I  saw  syenites,  in  the.  tran^tion 
clay-slate  of  Guanaxuato  (§  ^.) ;  I  have  seen  them 
above  this  clay-date,  alternating  with  greenstone  i 
but  I  have  not  found  either  syenite,  or  mica-slate, 
or  greenstone,  or  limestone,  in  the  porphyries  of 
Moxonera,  of  Pachuca,  of  Moran,  and  of  Gua- 
nasuato.  It  is  only  at  Bol^os  that  mandelstdn  is 
found  in  porphyry.  This  uniform  ~  and  uninter- 
rupted development  of  the  metalliferous  and  non- 
metalliferous  porphyries  of  New  Spain  is  a  very 
striking  phenomenon ;  it  renders  the  ^stematie 
separation  of  porphyry  and  trachyte  >  formations 
more  dii&cult,  where  those  rocks  immediately  sup- 
port each  other.  When  we  estimate  the  thickness 
of  the  two  united  formations,  that :  is,  when'  we 
ascend  from  the  lowest  beds  of  porphyry  which 
we  conceive  to  be  transition  because  it  is  covered 
with  great  formations  of  limestone  analogous,  to 
zechstein,  (Guasintlan,  at  the  western  decHvity,  and 
Venta  del  Encero,  at  the :  eastern  declivity  of  the 
Cordilleras,)  as  £u:  as  the.trachytic  summit  of  the 
great  volcano,  de  la  Fuebla  (Popocatepetl)*  -  we 
find,  according  to  my  barometric  and  trigonome- 
tric measures,  a  thickness,  uninterrupted  by  inter- 
posed rocks,  of  more  than  13,000  French  feet 
(2233  toises).  The  thickness  of  the  beds  of  metal- 
liferous porphyry  only,  in  reckoning  from  Gua- 
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rantlan,  and  Puente  de  Istla  (where  the  porphyrias 
are  hid  beneath  the  porous  mandelstein  of  Guchi- 
laque,  and  the  valley  of  Mexico),  as  far  as  the  upper 
part  of  the  argeHtiferoua  veins  of  Cabrera  (Real  de 
Moran),  is  5000  feet  (8O7  toises).  These  dimen- 
sions were  determined  by  comparing  the  absolute 
heights  of  tlie  stations;  for,  according  to  the  variable 
inclination  of  the  beds,  and  the  relation  between 
the  direction  of  the  sections,  and  that  of  the  rock, 
it  is  probable  that  the  apparent  thickness  (the  dif- 
ference between  the  maxinnem  and  the  minimum  of 
heights)  is  very  little  ranote  from  the  real  thick' 
ness,  which  is  the 'sum  of  the  thicknera'  estimated 
perpendicularly  at  the  fissures  of  stratification.  The 
following  are  the  most  interesting  local  circum- 
stances respecting  the  position  of  the  porphyries 
of  Mexico,  between  the  17°  ajid  21°  of  north  lati- 
tude. 

Roadjrom  Acapulco  to  Mexico. ,  The  porphyry 
at  the  western  declivity  of  the  Cordillera  of  Ana- 
huac,  descends  only  as  far  as  the  valley  of  Rio 
Papagalla,  a  little  to  the  north  of  the  Yenta  de 
Tierra  Colorada,  at  the  height  of  S30  toises  above 
the  level  of  the  Pacific  Ocean.  On.the  eastern  de- 
clivity of  the  Cordillera  of  An^huac,  between  the 
valley  of  Mexico  and  the  foot  of  YeraCruz,,!  saw 
no  traces  of  tliis  rock  below  the  f^cero,  at .  the 
height  of  476  toises.  The  porphyries  ar6  hid  be- 
neath an  argillaceous  sandstone,  in  which  fragments 
of  amygdaloidal  trachyte  are  imbedded.  The  two 
principal  groups  of  porphyT}',  vql  the  roa(i  from 
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Acapuico  to  Mexico,  are  those  of  Moxonera  and 
Zumpango. 

The  granitic  valley  of  Papagallo  is  bounded  at 
the  south  (Alto  del  Peregrine)  by  a  formation  of 
compact  limestone  (85  toises  thick),  darkish-blue, 
and  traversed  by  small  white  veins  of  calcareous  spar. 
It  is  full  of  great  caverns,  but  it  is  rather  analogous 
to  the  alpine  limestone,  than  the  transition  lime- 
stone. The  valley  is  bounded  to  the  north  by  a 
mass  of  porphyry  (Alto  de  la  Moxonera  and  de 
los  Caxones)  355  toises  thick.  This  porphyry  is 
rather  regularly  stratified  (dir.  N.  35°  E.  j  inclin. 
40°  at  N.W.) ;  sometimes  it  is  divided  in  balls  with 
concentric  layers.  Its  base  is  greenish  and  argil- 
laceous, containing  glassy  feldspar  imbedded,  and 
decomposed  pyroxenes,  which  have  almost  the  co- 
lour of  olivine ;  but  no  quartz,  mica,  nor  lamellar 
feldspar.  Great  masses  of  reddish-white  clay  are 
interposed  in  this  porphyry,  which  rests  imme- 
diately, like  the  limestone  of  Peregrino,  (of  which 
the  direction  of  the  strata  is  N.  45*  E. ;  inclin.  60° 
at  N.W.)  on  primitive  granite.  The  latter,  which 
has  been  described  above  (§  7.),  contains  at  the 
foot  of  the  porphyritic  hill  of  Los  Caxones,  even 
in  the  valley  of  Papagallo,  veins  of  black  amphi- 
bolite,  and  balls  of  granite  with  concentric  layers, 
similar  to  those  which  I  observed  at  Fichtelgebirge, 
near  Seissen.  The  greatest  mass  of  this  coarse- 
grained granite  is  very  regularly  stratified  (dir.  N. 
40°  E.),  and  inclined  by  groups  of  vast  extent, 
most  frequently  at  N.W.,  soinetimes  at  S.E.     The 
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neighbouring  summits  (porphyritic?  Cettos  de 
las  Caxas,  and  Ae\  Toro,)  are  of  singular  forms ; 
and,  if  irom  the  mlneralogical  composition  of  tlie 
porphyry  of  Moxonera  and  the  Alto  de  losCaxones, 
and  from  its  insulated 'position,  we  should  be  led 
to  consider  it  as  trachyte,  the  paraUeUsm  of  the 
direction  of  these  strata  with  those  of  the  limestone 
and  granite,  and  the  covering  by  a  very  similar 
neighbouring  porphyry  (^Masatlan,)  might  be  op- 
posed to  that  hypothesis.  In  descending  the  por- 
phyritic  mountain  ofLosCaxones  towards  the  south, 
that  is,  towards  the  coasts  of  the  Faci£c  ocean,  I 
saw,  alternately  appearing,  the  primitive  granite 
of  the  valley  of  Papagallo,  the  alpine  limestone  of 
the  Alto  del  Peregrine,  the  primitive  granite  of  the 
valley  of  Camaron,  the  syenite  of  the  Alto  del 
Camaron,  and  finally,  the  primitive  granite  of 
Exido  and  the  coast  of  Acapulco.  The  syenite  of 
Camaron,  containing  crystals  of  hornblende  about 
three-quarters  of  an  inch  long,  does  not  appear  to 
me  to  be  allied  to  the  Mexican  porphyries.  It 
is  but  a  change  in  the  composition  of  the  mass  of 
granite,  which,  in  this  region,  is  mixed  with  horn- 
blende, and  becomes  porphyritic  on  all  the  summits 
of  the  hois. 

The  second  group  of  intermediary  porphyries  of 
which  I  could  carefully  examine  the  superposition, 
is  that  of  Zumpango.  This  group  begins  some 
leagues  to  the  north  of  the  Alto  de  los  Caxones, 
and  in  stretching  towards  Mescala,  supports  a  vast 
table-land,  composed  of  limestone,  sandstone,  and 
gypsum  (between  Masatlan  and  Chilpansingo).    In 
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this  table-land,  the  absolute  height  6f  which  is  700 
toises  above  the  level  of  the  sea,  a  porphyry,  similar 
by  its  composition '  to  that  of  Moxonera,  supports 
secondary  formations  of  a  very  complicated  struc- 
ture. In  descending  the  Alto  de  los  Caxones 
(height  5S5  toises)  towards  the  north,  we  at  first 
see  the  primitive  granite  of  the  valley  of  Fapagallo 
reappear ;  we  then  discover  an  alpine  limestone,  si- 
milar to  that  of  Peregrino  (900  toises  broad,  which 
is  immediately  superposed  on  granite)  ;  the  granite 
then  appears  t^ain;  and  finally,  we  reach  the  por- 
phyritic  group  of  Zumpango,  in  which  the  direc- 
tion of  the  strata  is  very  regularly  preserved,  N.  30°, 
at  45"  E.,  with  a  frequent  inclination  to  N.W. 

This  iK)rphyry,  containing  glassy  feldspar,  desti- 
tute of  hornblende,  and  covering  primitive  gr^uiite, 
serves  first  for  a  basis  (Acaguisotla)  to  a  formation 
of  amygdaloid,  that  is  reddish-brown,  semi-vitreous, 
almost  without  cavities,  containing  nodules  of  de- 
composed calcedony,  and  scales  of  black  mica 
and  melanite.  The  mandelstein  soon  disappears, 
and  porphyry  again  occurs  of  very  considerable 
extent,  till  it  is  hid  beneath  the  limestone.ofMa- 
satlan  and  Chilpansingo ;  that  is,. beneath  two  very 
distinct  porous  formations,  of  which  the  upper  is 
whitish,  aigillaceous,  and  friable,  the  lower  greyish- 
blue,  mixed  with  great  masses  of  calcareous  spar. 
These  two  limestones  seem  at  first  sight  less  an- 
cient than  the  alpine  limestone  of  Peregrine ;  but 
they  certainly  do  not  belong,  to  the  tertiaryiform- 
ations  which  repose  in  Hungary  on  trachytes.  I 
found  in  them  no  trace  of  petrifactions ;  they  are 
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directed  N.  35°  E.,  and  generally  inclined  40°,  not 
at  N.W.,  but  at  S.E.  This  uniformity  of  direction 
(not  inclination,)  observed  among  rocks  which 
appear  to  be  of  an  age  so  different,  is  a  very  rare 
phenomenon.  It  is  an  additional  reason,  perhaps, 
for  not  considering  these  porphyries,  of  which  we 
have  just  described  the  position,  as  trachytes.  The 
limestones  of  Chilpansingo  have  cavities  that  vary 
from  half  an  inch  to  eight  inches  of  diameter.  The 
lower  formation,  which  is  greenish-blue, immediately 
covers  the  porphyry ;  it  sometimes  pierces  through 
the  whitish  formation,  and  forms  small  cylindric  or 
corallifbrm  rocks  three  or  four  feet  high,  at  the 
surfece  of  the  soil,  which  present  the  most  singular 
aspect  These  circumstances  of  composition  and 
structure  indicate  a  great  analog  between  the  caver- 
nous limestone  found  from  Masatlan  and  Petaquillas 
as  far  as  Chilpansingo,  and  the  lower  beds  of  the 
Jura  limestone  (hohlenkalk,  schlackiger,  blasiger 
kalkstein)  which,  equally  cavernous  in  the  Upper 
Palatinate  (between  Lubec  and  Ettershausen),  and 
in  Franconia  (between  Pegnitz  and  Muggendorf), 
give  the  surface  of  the  soil  a  peculiar  appearance  by 
their  asperities.  Not  far  from  Zumpango  porphyry 
again  occurs  below  the  cavernous  limestone  of 
Chilpansingo,  or  rather  below  a  conglomerate  lime- 
stone, which,  containing  large  fragments  of  the 
blue  and  white  formation,  covers  the  latter  in  several 
places.  As  the  porphyries  in  the  groups  of  Los 
Caxones  and  Zumpango  rise  nearly  to  the  same 
level  (560  and  585  toises),  we  may  suppose,  with 
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some  probability,  that  tlie  cavernous  limestone 
which  tbey  support  in  the  table-land  of  Chilpan- 
singo  is  800  feet  thick. 

In  advancing  to  the  north  towards  Sopilote, 
Mescala,  and  Tasco,  we  again  lose  sight  of  por- 
phyry. Primitive  granite  re-appears,  but  is  soon 
hid  by  a  porphyry  the  mineralogical  composition  of 
which  presents  very  remarkable  characters  ;  it  is 
bluish-grey,  a.  little  argillaceous  by  decomposition, 
and  contains  large  crystals  of  whitish-yellow  feld- 
spar (rather  lamellar  than  glassy),  pyroxene  of 
nearly  a  leek-green,  and  a  little  uncrystallised 
quartz.  This  stratified  porphyry  is  covered,  towards 
the  south,  with  the  same  conglomerate  limestone 
that  abounds  on  the  table-land  of  Chilpansingo ; 
towards  the  north  (Sopilote,  Estola,  Mescala)  with 
a  greyish  compact  limestone  traversed  by  veins  of 
carburetted  lime.  The  limestone  of  Estola  is  not 
always  spongy  or  vesicular  in  its  whole  mass,  like 
the  formation  of  Masatlan,  but  contains  large  insu- 
lated caverns  like  the  limestone  of  Peregrino,  which 
we  have  described  above.  Whilst  travelling  in 
those  mountains,  I  had  no  doubt  remaining,  that 
the  rocks  of  Canada  de  Sopilote  and  of  Alto 
del  Peregrino  are  identical  with  our  alpine  lime- 
stone (zechstein)  of  Europe,  which  succeeds,  ac- 
cording to  the  age  of  its  formation,  to  the  red 
sandstone,  or  when  that  is  wanting,  to  the  transr 
ition  rocks.  Near  Mescala,  a  Uttle  north  of  Sojnlote, 
rich  silver  veins,  analogous  to  the  veins  of  Tasco 
and  Tehuilotepec,  traverse  the  alpine  limestone. 
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The  rock  in  the  valley  of  Sopilote,  that  covers  the 
porphyry  of  the  group  of  Zumpango,  exhibits  the 
same  sinuous  and  contorted  beds  that  are  seen  at 
Achsenberg,  on  the  bank  of  the  lake  of  Lucerne, 
and  in  other  mountains  of  alpine  limestone  in 
Switzerland.  I  observed  that  the  upper  beds  of 
the  formation  of  SopOote  and  Mescala  passed  pro- 
gressively to  whitish-grey,  were  destitute  of  veins 
of  calcareous  spar,  and  presented  a  dull,  compact, 
or  conchoidal  fracture.  They  divide,  nearly  like  the 
limestone  of  Pappenheim,  into  very  thin  layers.  It 
aeems  to  be  the  passage  from  the  alpine  to  the  Jura 
limestone,  two  formations  which  immediately  cover 
each  other  in  Switzerland,  the  Apennines,  and 
several  parts  of  equinoxlal  America,  but  which,  in 
the  south  of  Germany,  are  separated  from  each 
other  by  several  interposed  formations  (by  the  sand- 
stone of  Nebra,  orbunte  aandstein,  bymuschelkalk, 
and  the  wlute  sandstone  or  quadersandstein). 

Near  the  village  of  Sochipala,  the  alpine  lime- 
stone is  covered  by  gypsum,  and  between  Estola, 
and  Tepecuacuilco,  there  appears  beneath  the 
alpine  limestone  (directed  sOTnetimes  N.  48°  E., 
with  inclination  40°  at  the  east ;  sometimes  N.  AS" 
E.,  with  inclination  50".  to  south-east)  a  porphyry, 
asparagus-green,  with  a  base  of  compact  feldspar, 
divided  into  very  thin  strata  like  that  of  Achi- 
chintla,  and  almost  destitute  of  disseminated  crys- 
tals. This  rock  resembles  phonolitic  porphyry 
(porphyr-schiefer)  of  the  trachyte  formation.  In 
advandng  towards  the  mines  of  Tehuilotepec  and 
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Tasco,  we  find  the  same  rock  covered  witli  a  quartz- 
ose  sandstone  having  a  cement  of  argUIaceous  lime- 
stone, and  analogous  to  the  weiss  liegende  (lower 
arenaceous  bed  of  zechstein)  of  Thuringe.  This 
quartzose  sandstone  again  announces  the  prox- 
imity of  alpine  limestone ;  and  in  fact,  on  this 
sandstone,  and  perhaps  immediatjely  on  porphyry 
(as  at  Zumpango,  and  the  Alto  de  los  Caxones), 
near  the  salt  lake  of  Tuspa,  an  immense  mass  of 
alpine  limestone  reposes,  often  cavernous,  and 
containing  some  petrifactions  of  ti'ochi,  and  other 
univalve  shells.  This  limestone  of  Tuspa,  indu- 
bitably posterior  to  all  the  porphyries  which  I  have 
just  described,  contains  beds  of  specular  gypsum, 
and  beds  of  slaty  and  carburetted  clay,  which  we 
must  not  confoundwith  grauwacke-slate.  It  is  gene- 
rally bluish-grey,  compact  and  crossed  by  veins  of 
carbonate  of  lime.  In  many  places,  instead  of  being 
cavernous,  it  passes  to  a  very  compact  white 
,  formation,  analogous  to  the  limestone  of  Pappen- 
heim.  I  was  struck  with  these  variations  of  tex- 
ture, which  M.  de  Buch  and  myself  had  also  ob- 
served in  the  Apennines  (between  Fosombrono, 
Furli,  and  Fuligno),  and  which  seem  to  prove  that 
where  the  intermediary  members  of  the  series  were 
not  developed,  the  formations  of  alpine  and  Jura 
limestone  are  more  closely  connected  than  is  ge- 
nerally admitted.  The  rich  silver  veins  of  Tascoi 
which  formerly  yielded  l60,000  marks  of  silver 
annually,  traverse  both  limestone  and  a  clay-slate 
that  passes  to  mica-slate  j  for,  notwithstanding  the 
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identity  of  the  limestone  formations  of  Tasco  and 
Mescala,  which  are  both  argentiferous,  the  former 
of  those,  wherever  it  has  been  pierced  in  mining 
(Cerro  de  S.  Ignacio),  has  not  been  found  superposed 
to  porphyry  like  the  limestone  of  Mescala,  but 
covering  a  more  ancient  rock  than  porphyry,  a 
mica-slate  (dir.  N.  50"  E. ;  incl.  40° — 60",  most  fre- 
quently  at  N.  W.  sometimes  at  S.  E.)  destitute  of 
garnets,  and  passing  to  primitive  clay-slate.  It 
was  proper  to  enter  into  these  details  on  the  form- 
ations that  succeed  porphyries,  because  it  is  only 
in  making  known  the  nature  of  superposed  rocks, 
that  geognosts  can  be  enabled  to  decide  on  the 
place  'which  Mexican  porphyries  ought  to  occupy, 
in  the  order  of  formations.  A  sketch  of  a  geognos- 
tic  table  has  its  value  only  inasmuch  as  we  connect 
ihe  rock  we  wish  to  make  known  to  those  by 
which  it  is  immediately  succeeded  above  and  below. 
Oryctognostic  facts  alone  may  be  presented  singly ; 
positive  geognosy  is  a  science  occupied  with  the 
relation  and  connection  of  facts,  and  in  describing 
any  one  portion  of  the  globe,  we  ought  not  to  limit 
our  view,  and  stop  at  the  study  of  a  particular 
bed. 

Central  table-land,  valley  of  Mexico  ;  tract  be- 
tween Pachuca,  Moran  and  La  Puebla.  An  en- 
ormous mass  of  transition  porphyry  rises  to  the 
mean  height  of  1200  to  1400  toises  above  the 
level  of  the  sea.  It  is  covtred,  in  the  valley  of 
Mexico,  and  at  the  south  towards  Cuemavaca  and 
Guchilaque,  with  basaltic  and  cellular  mandelstein 
a  S 
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(tetzanth  In  Mexican) ;  and  towards  the  east  and 
north-east  (between  TIascala  and  Totonilco),  with 
secondary  formations.  The  porphyry,  probably  hid 
at  first  beneath  the  alpine  limestone  of  Mescala,  and 
then  in  the  Llanos  of  San  Gabriel  (near  the  bridge 
of  latla)  beneath  trachytic  conglomerates  and  a 
porous  mandelstein,  is  identical  with  that  which  re- 
appears, 15  leagues  further  north,  and  800  toises 
higher,  on  the  banks  of  the  lake  of  Tezcuco.  In 
the  fine  valley  of  Mexico  the  porphyridc  rock 
pierces  the  cellular  amygdaloid  in  the  hills  of 
Chapoltepec,  of  Notre  Bame  de  la  Guadeloupe, 
and  of  Penol  de  los  Baiios.  It  exhibits  several 
very  remarkable  varieties :  1",  reddish-grey,  a  little 
argUlaceous,  without  distinct  stratification,  contain- 
ing crystals  of  hornblende,  and  common  feldspar 
in  equal  parts  (gallery  dug  in  the  rock  of  Chapol- 
tepec) J  2°,  black  or  darkish-grey  (sometimes  fissile 
and  spongy)  stratified  by  beds  from  3  to  4  inches 
thick,  with  a  basis  of  compact  feldspar,  fracture 
dull,  smooth,  or  imperfectly  conchoidal,  resem- 
bling more  the  fracture  of  lydian  stone  than  that 
of  pitchstone  containing  small  crystals  of  glassy 
feldspar  and  olive-green  pyroxene,  almost  destitute 
of  hornblende,  and  often  covered  at  their  surface 
by  superb  masses  of  reniform  hyalite,  or  Muller's 
glass  (Penol  de  los  B^os ;  dir.  N.  QO"  W. ;  incl. 
60°  N.  E.);  3°,  red,  earthy,  with  a  quantity  of 
large  crystals  of  common  decomposed  feldspaj 
(salt-works  of  the  lake  of  Tezcucc^  where  the 
F^ol  is  covered  by  ancient  Aztic  sculptures). 
15 
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The  porpbjry  of  the  valley  of  Mexico  fumishea 
not  only  springs  of  pure  water,  which  is  conveyed 
to  the  town  by  long  and  magnificent  aqueducts,  but 
but  also  acidulated  thermal  waters,  some  warm, 
and  others  cold.  Here  is  also  found  (and  this  is  a 
very  remarkable  fact)  naptha  and  petroleum  (pro- 
montory  of  the  sanctuary  of  Guadeloupe),  as  in  the 
primitive  mica-slate  of  the  vicinity  of  Araya  and 
Cumana.  Although  this  porphyry  appears  below 
the  porous  amygdaloid,  and  is  seen  (Cerro  de  las 
Cruces  and  Tiangillo,  Cuesta  de  Varientos  and 
Capulalpan,  Cerro  Ventoso,  and  Rio  Frio)  in  all 
the  circular  outline  of  the  basin  of  Tenochtitlan, 
(the  bottom  of  an  ancient  lake  partly  dried,)  it  is 
only  towards  the  north-north-east  (Pachuca,  Real 
del  Uonte,  and  Moran)  that  it  has  been  found  ^ 
be  argentiferous. 

Several  rich  veins  traverse  a  mass  of  porphyry 
above  7OO  feet  in  thickness,  from  the  mine  of  San 
Pedro,  at  the  summit  of  Cerro  Ventoso  (1461  toises) 
as  far  as  the  bottom  of  the  ancient  wells  of  Encino 
(1 170  tmses),  in  the  Real  de  Pachuca.  This  rock, 
which  would  have  formerly  been  called  petrosilex, 
or  hornstone-porphyry,  is  generally  greenish-grey, 
sometimes  prase-green,  with  a  scaly  fracture,  and 
giving  fragments  with  sharp  edges.  The  paste  Is 
probably  a  compact  feldspar,  having  a  large  pro- 
portion of  siUca }  and  cont^ns,  not  quartz  and  mica, 
butcrystals  of  common  feldspar  andhomblende.  In 
general,  the  latter  substance  is  not  very  abundant, 
and  when  the  praphyry  is  argillaceous,  or  merely 
Q  4 
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earthy,  we  recognise  the  hornblende  only  by  spots 
with  striated  surfaces,  and  of  a  very  dark  green.  The 
bed^  which  are  argillaceous  and  softer  (thonporphyry 
of  Moran)  appear  to  be  below  the  haider  and  more 
tenacious  beds.  Strata  of  phonolite  (klingstein) 
are  found  subordinate  to  both ;  it  is  smoke-grey, 
or  leek-green,  divided  into  tables  or  plates  that  are 
very  sonorous.  It  is  not,  however,  altogether  a 
porphyry-slate  of  the  trachyte  formation,  for  the 
phonolitic  mass  does  not  contain  thin  crystals  of 
glassy  feldspar,  but  crystals  of  greyish-white  com- 
mon feldspar,  constantly  accompanied  with  a  little 
hornblende.  All  these  argentiferous  porphyries  of 
Moran  and  Real  del  Monte  are  very  regularly  stra- 
tified (general  direction  as  in  the  valley  of  Mexico, 
N.  60°  W.,  incl.  50'— 60°  at  N.  E.)  :  they  aie  ir- 
regularly columnar  only  in  the  Organos  of  Actopan 
(Cerro  de  Mamanchota,  summit  1527  toises)  and 
the  Monjas  of  Totonilco  el  Chico ;  if  indeed  the 
rock  of  Organos,  the  mass  of  which  is  3000  feet 
thick  reckoning  only  the  porphyries  visible  above 
the  neighbouring  plains,  is  identical  with  therock 
of  Moran.  The  latter  contains  fewer  crystals  of 
hornblende;  neither  of  these  rocks  are  fissile  or 
porous,  and  it  is  at  the  foot  of  the  grotesque  peaks 
of  Monjas,  that  the  rich  veins  of  Totonilco  el  Chico 
are  found.  The  argentiferous  porphyries  of  Pachuca 
and  Moran  which  Ihave  just  described,  present  no 
character  that  should  separate  them  from  the  trans- 
ition formation ;  they  are  even  covered,  between 
the  baths  of  Totonilco  el  Grande  and  the  cavern 
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of  the  Madre  de  Dios,  or  the  pierced  rock,  by 
enormous  calcareous  masses,  and  by  sandstone  and 
gypsum.  The  calcareous  formation,  1000  feet 
thick,  is  of  a  bluish-grey  colour,  compact,  not 
porous,  and  contains  veins  of  galena,  and  beds  of 
white  coarse-grained  and  almost  saccharine  lime- 
stone. It  is  at  least  the  alpine  formation  (alpen- 
kalkstein),  if  it  be  not  a  transition  limestone  ;  and 
the  relations  of  position  observed  between  this  lime- 
stone rock,  and  the  porphyries  of  Moran  and  the 
Magdalena,  seem  to  show  that  the  latter  are  not  tra- 
chytic.  Advancing  four  or  five  leagues  distant 
irom  the  mines  of  Moran,  by  Omitlan,  by  the  savan- 
nahs of  Tinaxas,  and  a  vast  forest  of  oaks  towards 
the  Jacal,  of  which  the  Oyamel,  or  the  mountain  (J^ 
Knives  ("Cerro  de  los  Navajas),  forms  the  western  de- 
clivity, we  enter  a  country  that  exhibits,  in  its  geo- 
gnostic  composition,  very  recent  traces  of  subterra- 
neous fires.  We  first  find,  at  the  foot  of  the  Oyamel, 
a  greyish-white  decomposed  porphyry,  containing 
crystals  of  glassy  feldspar,  and  presenting  neariy  the 
same  direction  (the  same  angle  with  the  meridian, 
N.  30°  W.)  as  the  argentiferous  porphyries,  but  with 
an  inclination  (75"  at  S.  W.)  quite  contrary.  The 
vegetation  prevents  fixing  the  relations  of  position 
between  the  rocks  of  the  Oyamel  and  the  transition 
porphyries  of  the  silver  mines  of  Moran.  The  for- 
mer, which  are  without  obsidian,  form  the  basis  of 
a  reddish-white  rock,  with  a  lustre  like  enamel,  a 
smooth  fracture  sometimes  granular,  containing  a 
little  glassy  feldspar,  and  divided  into  an  infinity  of 
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small  parallel  beds  often  undulated.  This  rock  is  a 
porphyritic  lithoid  pe!u*lBtone,  or  rather  a  trachytic 
porphyry,  not  spongy  nor  fissile,  the  base  of  which 
passes  to  pearlstone.  Such  a  passage  of  the  base 
to  a  mass  composed  of  agglutinated  grains  is  seen 
even  in  beds  which,  from  their  aspect  only,  we 
should  at  first  think  were  composed  of  compact 
feldspar  or  of  a  greyish  siliceous  schist  Neither 
black  mica  nor  quartz  are  mixed  with  the  slender 
crystals  of  glassy  feldspar  disseminated  in  the  paste, 
a  mixture  which  is  observed  in  the  pearlstone  of 
Tokai,  and  of  Schemnitz  in  Hungary. 

The  abundance  of  obsidian  contained  in  the  por- 
phyries of  the  mountain  of  Knives,  and  through 
which  they  are  analogous  to  the  pearlstone  of 
Cinapecuaro,  leaves  no  doubt  of  their  volcanic  na- 
ture. They  constitute  insulated  mountains,  some- 
times in  pairs,  with  perpendicular  beds,  resembling 
by  their  aspect,  hills  of  basalt,  and  the  trachyte  of 
the  Euganean  mountains.  Did  thesevolcanicmasses 
issue  from  the  transition  porphyries  of  Moran,  or 
does  there  exist  a  passage  fr<»n  the  one  to  the 
other  ?  Are  the  rocks  of  Oyamel  superposed  only 
on  metalliferous  porphyries,  like  the  columnar  ba- 
salts of  Regla  ?  We  may  even  enquire  if  the  black, 
and  often  cellulfu-  porphyries  of  the  valley  of  Mex- 
ico (Fe^ol  de  los  B^os),  covered  by  amygdaloid 
which  is  basaltic  and  cellular,  are  of  a  different 
origin  from  the  porphyries  hid  beneath  the  alpine 
limestone  (TotonOco  el  Grande)  ?  In  this  valley  of 
Mexico  (advancing  from  the  lake  of  Tezcuco  at  the 
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north,  towards  Qiieretaro)  we  see,  at  Cuesta  de 
Varientos,  a  decomposed  porphyry  appearing  be- 
low volcanic  mandelstein,  of  a  brownish  red,  with- 
out hornblende,  but  abounding  in  slender  crystals 
of  glassy  feldspar.  On  the  prolongation  of  the 
strata  of  this  rock  of  trachytic  aspect,  secondary 
and  tertiary  formations  repose  (Jura  limestone, 
gypsum,  and  marl  with  elephants'  bones,  at  II70 
toises  high),  which  fill  the  basins  of  Hacienda 
del  Salto,  Batas,  and  Puerto  de  los  Reyes.  Ten 
leagues  fiirther,  at  Lira,  we  find  porphyritic  rocks, 
with  a  semi-vitreous  base,  olive-green,  covered  with 
mammillated  hyalite,  and  without  pyroxene.  These 
rocks  contain  a  little  feldspar  and  grains  of  quartz, 
and  also  Small  subordinate  beds  of  obsidian.  It  is, 
no  doubt,  a  trachyte  (a  formation  in  which  quartz, 
even  in  Huugar}',  is  not  entirely  wanting).  But 
how  shall  we  distinguish  beds  of  trachyte-por- 
phyry from  the  transition  porphyries  by  which  they 
are  immediately  supported,  when  both,  by  the 
mixhire  of  obsidian  and  pearlstone,  have  a  mine- 
ralc^cal  composition  so  analogous  ? 

This  difficulty  embarrasses  the  geognostic  tra> 
veller  still  more,  when  he  goes  fixim  the  valley  of 
Mexico,  towards  the  east,  to  cross  the  ridge  of 
mountains  on  which  rise  the  two  volcanoes  de  la 
Puebla,  Iztaccihuati  (White  Woman,  ^4t5G  toisra) 
and  Popocatepetl  {Smoking  mountain,  S770  toises). 
The  porphyritic  rocks  that  appear  near  the  Venta 
de  Cordova  and  the  Rio  Frio  are  closely  con- 
nected with  the  trachytCB  of  the  great  volcano, 
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still  barniiig.  They  are  covered  with  breccias  of 
pumice  and  pearlstone  with  obsidian  (between  O^o 
del  Agua  and  the  fort  of  Perote),  and  form  a  basis 
(between  San  Francisco  Ocotlan,  la  Puebla  de  los 
Angeles,  Totomehuacan,  Tecali,  and  Cholula ; 
between  Venta  de  Soto,  El  Pizarro,  and  Portachn- 
elo)  to  a  great  limestone  formation,  sometimes 
compact  and  greyish-blue,  sometimes  fine-grained 
and  white,  or  of  a  mixed  colour.  This  limestone 
(transition  or  alpine)  is  certainly  not  tertiary,  like 
the  very  recent  formations  oi'  shelly  limestone, 
marl,  and  gypsum,  which,  in  different  parts  of  the 
globe,  we  see  placed  in  insulated  portions  on  the 
trachytic  formations.  M.  Sonneschmidt  saw,  near 
Zimapan,  Xaschi,  and  Xacala,  a  true  transition 
limestone,  darkish-grey  and  strongly  carburetted, 
resting  on  porphyries  quite  similar  to  those  which 
we  have  just  described  in  the  central  table-land 
of  New  Spain.  Some  strata  of  these  porphyries 
of  Zimapan,  Xaschi,  and  Ismiquilpan,  contain, 
like  the  porphyritic  greenstones  and  pearlstones  of 
Hungary,  and  like  the  porphyry  placed  on  clay- 
slate  (of  transition?)  of  the  famous  mountain  of 
Potosi,  garnets  disseminated  in  the  mass.  They 
are  traversed  by  veins  that  contain  that  magnificent 
variety  of  orange-yellow  opal,  which  M.  Sonne- 
schmidt and  myself  made  known  by  the  name  of 
fire-opal  (feueropal),  and  which  has  been  found  by 
M.  Beudant  among  the  trachytes  of  Telkebanya. 
I  saw  radiated  globules  of  bluish-grey  pearlstone, 
imbedded  in  the  porphyritic  paste  of  Zimapan,  and 
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-  resembling  tliermantide  jaspoid  (porcelain-jasper, 
porzellan-jaspis)  in  their  colour.  The  relations  of 
position  are  not  yet  ascertained,  between  these  por- 
phyries which  were  considered  as  trachytic,  and 
those  which  support  the  great  limestone  formations. 
It  is  easier  to  separate  metalliferous  porphyries  from 
ti'achytes  in  artificial  classifications,  than  in  the 
mountains  themselves. 

Group  qf  porphyries  of  Guanajuato.  It  is  this 
group  that  determines  most  clearly  the  relative 
age,  or,  to  express  myself  with  more  precision, 
the  marimum  of  the  antiquity  of  the  Mexican  por- 
phyries J  if  indeed  those  of  which  we  have  just  in- 
dicated the  positions  are  of  the  same  formation  as 
the  porphyries  of  Guanaxuato.  The  superposition 
of  those  porphyries  on  rocks  belonging  to  inter- 
mediary formation  is  evident  Near  the  farm  of 
Noria,  and  in  the  Canada  de  Queretaro,  a  slaty 
olive-green  porphyry,  containing  glassy  feldspar 
in  microscopic  crystals,  is  superposed  on  a  trans- 
ition clay-slate  with  lydian  stone.  This  super- 
position is  equally  certain  near  Guanaxuato,  and 
particularly  near  Santa  Rosa  de  la  Sierra.  The 
porphyries  of  this  district  have  in  general  a  con- 
cordant position  (a  parallel  direction  and  inclin- 
ation) with  the  strata  of  clay-slate.  They  are 
eminentiy  metalliferous;  and  the  famous  vein  of 
Guanaxuato  (Veta  madre),  making  the  same  angle 
with  the  meridian  as  the  veins  of  Zacatecas,  Tas- 
co  and  Moran  (N.  50°  W.),  has  been  worked 
successively  on  a  length  of  12,000  toises,  and  a 
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thickness  of  30  to  35  toises.  It  has  furnished,  in 
tSO  years,  more  than  180  millions  of  piasters,  and 
traverses  both  porphyry  and  transition-slate.  The 
first  of  these  rocka  forms,  at  the  east  of  Gua- 
naxuato,  gigantic  masses,  that  have  at  a  distance 
the  most  singular  aspect,  resembling  walls  imd 
bastions.  These  po'pendicular  ridges,  rising  taoiG 
than  300  toises  above  the  sutrounding  plains,  bear 
the  name  of  bu^  ;  they  are  destitute  of  met^s, 
appear  to  have  been  heaved  up  by  elastic  fluids, 
and  are  regarded  by  the  Mexican  miners,  who  see 
them  placed  also  at  Zacatecas  on  a  veiy  metallife- 
rous transition  clay-slate,  as  a  natural  indication 
of  the  riches  of  those  countries.  When  we  con- 
sider the  porphyries  of  la  Buf^  de  Guanaxuato, 
and  those  of  the  formerly  celebrated  mines  of  Bel- 
grade de  San  Bruno,  la  Sierra  de  Santa  Rosa,  and 
Villalpando,  in  the  same  point  of  view ;  we  think 
we  perceive  in  their  latest  strata,  pass^es  to  rocks 
which,  in  Europe,  are  generally  placed  sanoTtg 
trachytes. 

In  the  vicinity  of  Guanaxuato,  porphyries  ^k- 
dominate,  which  have  a  paste  of  compact  feldspu*, 
are  grey  and  ohve-green,  and  contain  imbedded  la- 
mellar feldspar  (not  glassy),  either  in  crystals  almost 
microsc(^ic(Buflfe),  orin  very  large  crystals(mines  of 
San  Bruno  and  Tesoro).  Decomposed  hornblende, 
which  probably  tinges  with  green  the  whole  mass  of 
these  rocks,  is  only  distinguished  by  irregul^  spots. 
In  ascending  towards  the  Sierra  (Puerto  de  Santa 
Rosa,  Puerto  de  VariBntos),  the  porphyiy  is  often 
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composed  of  balls  with  concentric  layers;  its  paste 
becomes  darkish-grey,  semi-vitreous  (pitchstone- 
porphyry),  and  contains  a  little  crystallised  mica 
and  grains  of  quartz.  The  auriferous  veins  netu- 
Villidpando  traverse  a  green  porphyry  with  a  base 
of  phonolite,  in  which  we  only  perceive  some  small 
and  thin  crystals  of  glassy  feldspar.  It  is  diiScult 
to  distinguish  this  rock  from  tracbytic  porphyry- 
slate  ;  I  have  seen  it  covered  with  an  earthy  yel- 
lowish-white porphyry  (mine  of  Santa  Cruz),  and 
with  an  ancient  conglomerate  (boca  de  la  mina  de 
Villalpando),  which  evidently  represents  the  red 
sandstone,  and  the  lower  beds  of  which  pass  to 
^auwacke. 

The  porphyria  of  the  equinoxial  region  of 
Mexico  contain,  although  rarely,  besides  some  dis- 
seminated garnets  (Izmiquilpan  and  Xaschi),  su]- 
phuret  of  mercury  (San  Juan  de  la  Chica ;  Cerro 
del  Fraile,  near  the  villa  of  San  Felipe  ;  Gasave,  at 
the .  northern  extremity  of  the  vaUey  of  Mexico), 
tin  (El  Robedal,  and  la  Mesa  de  los  Hernandez), 
and  alumstone  (Real  del  Mtmte,  according  to  M. 
Sonneschmidt).  This  latter  substMice  seems  to 
give  to  the  porphyritic  rocks  a  nearer  affinity  to  real 
trachytes ;  although,  in  South  America  (peninsula 
of  Araya,  Cerro  del  Distiladero  and  Chupariparu), 
I  saw  a  clay-slate  which  belonged  rather  to  the 
primitive  than  to  the  intermediary  formation,  tra- 
versed by  veins,  I  will  not  say,  of  alumstone 
(alumstein),  but  of  native  alum,  of  which  the  In- 
diaos  sell  pieces  of  the  size  of  an  inch,  at  the  mar- 
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ket  of  Cumana.  The  cinnabar  of  the  porphyries 
of  San  Juan  de  la  Chica,  the  argillaceous  beds  of 
Durasno  containing  both  coal  and  cinnabar  and 
placed  on  a  porphjrry  with  much  hornblende,  are 
phenomena  well  worthy  of  attention.  The  geo- 
gnosts  who,  like  myself,  attach  more  importance  to 
the  position  than  to  the  oryctognostic  composition 
of  rocks,  will,  no  doubt,  connect  the  porphyries 
and  clays  of  Davasno  with  the  deposites  of  mercury 
which  the  formation  of  the  red  sandstone  and  por- 
phyry exhibits  in  both  hemispheres  (duchy  deDeux- 
ponts  and  Cuen^a,  between  Quito  and  Loxa).  The 
last  beds  of  the  transition  formation  are  found 
every  where  in  close  connection  with  the  most  an- 
cient beds  of  the  secondary  formation. 

The  celebrated  silver  vein  of  Bol^os  contains  its 
greatest  riches  in  an  amygdaloid  interposed  in 
porphyry.  In  Hungary,  England,  Scotland,  and 
even  in  Germany,  rocks  of  amygdaloid  and  por- 
phyry belong  to  grauwacke,  to  clay-slate,  to  trans- 
ition limestone,  to  red  sandstone,  and  to  coal 
sandstone.  The  metalliferous  porphyry  of  Gua- 
naxuato  simply  covers  clay-slate,  without  forming 
in  it  subordinate  beds  (as  in  the  group  §  22) ;  but 
a  syenite  analogous  to  that  which  occurs  in  the 
mine  of  Valenciana,  in  the  midst  of  intermediary 
clay-slate,  alternates  thousands  of  times,  on  a  sur- 
face of  more  than  twenty  square  leagues,  with 
transition  greenstone,  between  the  mine  of  the 
Esperanza,  and  the  village  of  Comangillas.  In 
that  region  the  syenitic  rock  is  destitute  of  metals, 
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but  at  Comanja  it  is  at^entiferous,  as  it  is  also  in 
Saxony  and  in  Hungary. 

b.  In  the  austral  kemispkere.  Between  the  5th 
and  8th  degrees  of  latitude  I  saw  porphyritic  rocks, 
intimately  connected  together,  covering  the  eastern 
and  western  decHvities  of  the  Andea  of  Peru.  These 
rocks  repose  either  on  mica-slate  (of  transition  ?) 
traversed  by  argentiferous  veins  (Mandor,  El  Pare- 
ton),  or  when  mica-slate  is  wanting,  upon  granite. 
Some  are  divided  into  immense  columns  (Paramo  de 
Chulucana3),orveryregularlystratified(SondoriUo). 
Their  base  is  black  and  almost  basaltic ;  they  contain 
more  pyroxene  than  feldspar,  and  alternate  (Que- 
brada  de  Tacorpo)  with  beds  of  jasper  and  com- 
pact feldspar.  The  latter,  destitute  of  disseminated 
crystals,  is  black,  like  lydian  stone,  and  reminds  us  by 
its  colour  and  homogeneous  nature,  of  some  of  the 
basMiites  used  by  the  ancients.  Other  porphyries 
(N.  S.  del  Carmen,  at  the  north  of  the  Indian 
village  of  San  Felipe)  have  a  less  trachytic  ^pear- 
ance,  iumish  rich  silver  veins,  and  are  covered 
sometimes  by  beds  of  quartz  three  or  four  toises 
broad,  sometimes  by  compact  limestone  (alpineP), 
darkish-blue,  traversed  by  small  veins  of  calcareous 
qmr,  and  filled  with  petrified  shells  (hysterolites, 
anomiss,  cardia,  and  fragments  of  large  polytha- 
lamous  shells,  which  are  rather  nautilites  than  amr- 
monites).  In  descending  (still  on  the  eastern  de- 
clivity of  the  Andes)  towards  Tomependa,  on  the 
banks  of  the  river  Amazon,  I  saw,  between  Sonanga 
andChamaya,theoldredsandstone(todtesliegende) 
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superposed  on  an  eaithy  greyish  porphyry,  "con- 
taining (like  that  of  Fucara)  a  great  quantity  of 
hornblende,  and  a  little  common  feldspar.  -We 
find,  on  the  western  declivity  of  ^e  Ande^  in  ap- 
proaching the  coast  of  the  South  Sea  (between 
Namas  »id  Magdalena)  poiphyries  altogether  des- 
titute of  hornblende,  and  supporting  that  great 
formation  of  quartz  which  replaces  the  red  sand- 
stone in  this  region.  I  stated  above  (§  18.),  that 
this  porphyry,  far  from  being  primitive,  appeared  to 
me  to  be  the  most  ancient  of  the  transition  por- 
phyries. This  result  can  only  be  stated  doubtfully ; 
for,  between  Ayavaca,  Zaulaca,  Yamoca  (§8.),  and 
Namas  (province  of  Jaen  de  Bracamoroa,  and  the 
intendance  of  Tmxillo),  it  is  very  difficult  to  deter- 
mine with  certainty  the  age  of  the  granite,  syenite, 
and  clay-slate,  on  which  the  intermediary  porphyries 
Cff  porphyritic  trachytes  repose.  Wh«i  the  relations 
of  superposition  are  not  exactly  known,  weought 
to  be  cautious  in  pronouncing  on  a  formation,  the 
geognostic  constitution  of  which  is  so  complicated. 

B.  Group  ofHungaty. 
■  The  formation  of  syenite  and  poi-phyritic  green- 
stone contains  the  principal  mineral  riches  of  Hun- 
gary and  Transylvania  (Schemnitz,  Kremnitz,  Hoch- 
wiesen,  and  Koenigsberg;  the  Bannat,  Kapnak, 
Mid  Nagyag).  We  shall  describe  this  formation 
from  the  observations  of  M.  Beudant,  which  are  not 
yet  pubhshed.  •  The  ibrmation  of  Hungary  is 
'  *  M.  Beudant'*  work  has  since  been  published.  Trans. 
16 
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much  less  simple  timn  that  of  Mexico,  with  which, 
however,  it  is  found  to- have  a  great  analogy.  The 
rocks  that  constitute  its  principal  mass  are  por- 
phyritic  rocks  with  a  base  of  compact  feldspar 
coloured  green ;  they  contain  hornblende  like  the 
porphyries  of  equinoxial  America,  which  I  have  de-' 
scribed  above,  and  are  almost  destitute  of  quartz. 
This  latter  substance  appears  only  in  the  subordin- 
ate beds  of  syenite,  granite,  gneiss,  and  compact 
greenstone,  to  which  the  porphyritic  rock  passes.- 
In  New  Spjun,  the  porphyries  with  gold  and  silver 
veins  have  a  paste  apparently  homogeneous,  most 
frequently  slightly  coloured;  in  Hmigary,  por- 
phyric  greenstones,  and  not  true  porphyries,  are  ^e 
predominating  rocks.  According  to  simple  orycto- 
gnostic  considerations,  that  is  to  say,  those  of  com- 
position, the  auriftrous  formation  of  Hungary  re- 
sembles much  more  the  Mexican  formation  of 
Ovexeras,  in  which  syenites  and  greenstone,  more 
or  less  porphyritic,  alternate,  than  those  great 
masses  of  porphyry  that  traverse  the  celebrated 
veins  of  Pachuca,  Real  del  Monte,  Moran  and 
Guanaxuato  (at  the  south-east  of  the  mine  of  Beii- 
grado);  but,  geognostically  considered,  all  those 
porphyritic  and  syenitic  rocks  of  Mexico  and  Hun- 
gary constitute  but  one  formation,  sometimes  simple, 
sometimes  composed  (with  altemations). 

The  porphyritic  atid  syenitic  rocks  of  Hungary, 

the  most  compact  as  well  as  the  most  mixed,  contan 

carbonate  of  Hme,  and  effervesce  with  acids.    This 

character  is  found  in  the  Mexican  rocks  in  an  ana- 
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logous  position,  but  not  in  the- superimposed  tra- 
chytes. Glassy  feldspar  is  much  more  rare  In  the 
porphyries  with  a  greenstone  base  of  Hungary, 
than  in  the  Mexican  porphyries ;  it  occurs .  only 
(Hochwlesen,  Blelhutte)  in  the  upper  and  earthy 
strata,  particularly  where  the  trachytic  forniation 
commences.  Oxidulated.  iron  abounds  where  the 
hornblende  appears  in  very  distinct  crystals  j  gar- 
nets (which  we  have  already  mentioned  above  in 
the  Mexican  porphyries  of  Zimapan,  and  those  of 
Potosi,  on  the  eastern  ridge  of  the  Andes  of  Peru) 
penetrate  to  the  middle  of  the  prisma  of  hornblende. 
Although,  in  the  great  formation  of  sy^iite  and 
porphyxitic  greenstone  of  Hungary,  the  varieties 
of  rock  pass  Aequently  into  each  other,  we  may 
observe,  in  general,  the  following  type  of  association 
and  of  superposition ;  the  lower  part  of  the  whole 
system  is  formed  by  syenites,  coarse  and  fine 
grained,  passing  to  a  t^cose  granite  (Hodritz)  and 
to  gneiss  j  the  middle  part  is  composed  sometimes 
of  compact  ^eenstone,  with  a  black  paste  almost 
destitute  of  disseminated  crystals,  sometimes  of 
porphyritic  rocks  with  a  base  of  pure  feldspar,  or  a 
base  of  feldspar  and  homblemle  mixed,  containing 
imbedded  crystals  of  c<»nmon  feldspar  (lamellar), 
hornblende,  a  little  mica  and  garnets,  and  very 
rarely  quartz  j  the  upper  part  exhibits  porphyritic 
greenstone  decomposed  and  extremely  auriferous. 
It  is  only  this  last  layer  that  sometimes  contains 
glassy  feldspar,  laumonite,  mica,  and  (as  in  equi- 
noxial  America)  veins  of  red  jasper.    In  the  earthy 
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greenstones,  which  are  of  a  more  simple  stnicbire 
because  they  do  not  alternate  with  syenite,  granite^ 
or  transition  gneiss ;  compact  basaltiform  masses 
are  found  (valley  of  GlashUtte)  divided  into  prisms* 
and  a  black  porphyritic  greenstone  with  a  base  of 
hornblende  and  feldspar.  This  greenstone  con- 
tains very  small  acicular  crystals  of  hornblende, 
numerous  lamttte  of  black  mica,  and  rfn«<?5  of  white 
and  red  quartz. 

The  beds  subordinate  to  the  great  fonnation  of 
syenite  and  porphyritic  greenstone  of  Hungary, 
are  mica-slate  (valley  of  Eisenbach) ;  compact 
quartz,  sometimes  l^ninar  and  micaceous,  some- 
times granular  passing  partially  to  a  dull  flint  with 
a  smooth  fracture  (western  basin  of  Scheriinitz) ; 
steatitic  limestone,  sulphur-yellow,  greenish,  or  red- 
dish*  with  garnets  disseminated  in  the  mass,  and 
accompanied  by  serpentine  (Hodritz)*  All  this 
system  of  syenitic  and  porphyritic  rocks  is  very  di- 
Btinctiy  stratified  in  Hungary  as  well  as  in  Mexico  j 
but  in  the  former  of  those  countries  the  direction 
and  inclination  of  the  strata  are  uniform  only  in  the 
same  group  of  mountains.  It  is  not  easy  to  deter- 
mine with  certainty  the  nature  of  the  formation  on 
which  the  syenites  and  porphyritic  greenstones  of 
Hungary  repose.  M.  Beudant  believes  that  they 
are  of  a  more  recent  formation  than  grauwack^ 
which  is  not  developed  in  Hungary  where  the  por- 
phyritic greenstone  predominates.  Talc-slate,  al- 
ternating with  greyish  ciystalline  limestone,  and 
probably  belonging  to  the  most  ancient  tnuintion 
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formatioa,  appeared  to  that  learned  geognost,  as 
well  as  to  M.  Becker,  to  serve  as  the  basis  of  the 
sy^Diitic  :and  porphyritic  f<»mati(Hi.  This  mkhgy 
TX^y  be  added  to  the  others  which  this  foniiatioii 
pfE^eats  with  the  homonymous  ftuTnation  of  Mexico. 
Xn  Hungary,  as  well  as  in  the  New  Continrait,  por- 
phyry, syenite,  and  greenstone  are  iramediat^y 
4Xivered  by  trachytes  and  trachytic  conglcunerates 
containing  obsidian  and  pearlstone..  In  Auvergne 
(M(mt-d'<)r,Cantal);  i|i  the  Greek  idands  ( Argen- 
tiera,  Milo,  Santorino),  visited  by  an  excellent  ob- 
/wryer,  M.Hawkins}  at  Unalaska,  recently  explored 
by  M.  de  Chamisso,  and  by  the  expedition  of  Cap- 
Jbai^  Kotzebue,,  the  same  relations  of  po^on  are 
observed  between  trachytes  and  tran^tion  poi^y- 
jies.  At  the  mountain  of  Kasbeck,  in  the  Caucasian 
chain,  an  intermediary  porphyry,  which  ahemates 
with  syenite,  granUie,  gneiss,  and  transiticm  clay- 
^ate,  contains  aJso  glassy  feldspar  ^  it  even  presents 
in  some  strata  every  ^pearaoce  of  a  porous  tra^ 
chyte.  Thus,  on  the  most  distant  points  of  the 
g^obe,  in  America,  Europe,  and  Asia,  we  see  that 
porphyries  oscillate  between  transition  rocks  and 
very  ancient  volcanic  rocks. 

.   ■  C.  Group  (if  Saxony. 

We  do  noth^re^eak  of  tlie  porphyry  which  forms 
with  greenstone  and  darkish-grey  limestone  (Fried- 
ricl;(8walde,  Seidwiti^rund).  ^ubprdaia^  beds  in 
ttansition  lE^te  (§  ^.)i  but  of  tli^  great  formatiiQp 
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of  syenite  and  porphyry  which  Wemftr  designale^ 
hy  the  name  of  the  principal  formation,  {Hat^tnu 
e'derlage).  That  illustrious  geognost  distinguished 
four  formati(Mis  of  porphyry;  the  first  forming 
beds  (or  rather  veins?)  in  gneiss  and  primitive 
mica-Blate ;  the  second  alternating  with  syenite  j 
the  third  belonging  to  the  coal  sandstone,  and  cob- 
Jtaining  greenstone,  pitchstone,  and  agathiferous 
iunygdaloids ;  the  fourth,  interposed  in  trap  rocks 
(volcanic).  These  four  formations,  the  first  of 
which  does  not  probably  constitute  an  independent 
formation,  are,  as  I  have  elsewhere  stated  (  Voyage 
to  the  Eqmnoaial  Regions,  t-  i.  p.  155.),  porphyries 
interposed  in  primitive  rocks,  transition  porphyries, 
secondary  pwphyries,  and  trachytes  (trapporphyre). 
The  principal Jbnnation  of  porphyry  and  syenite  of 
Saxony  reposes  on  transition  slate  (with  grau- 
wacke),  and  consequendy,  where  clay-slate  is  not 
developed,  on  more  ancient  rocks.  The  syenite 
which  ,alternates  with  porphyry  (Meissen,  I^euben, 
and  Prasitz  ;  Suhl)  passes  into  granite  and  gneiss. 
Transition  granite  is  generally  coarse-grained,  com- 
posed of  reddish  feldspar,  smoke-grey  quurtzi  and 
black  mica  well  crystallised  (Dohna;  Posewitz, 
and  Wesenstein).  Transition  gneiss  (Meissen)  is 
more  r^e  than  granite,  and  forms  beds  in  syenite 
like  granular  and  white  limestone  (Naundorf )  and 
greenstone  which  passes  to  basalt  (Wehnitz).  The 
presence  of  the  syenite  formation,  which  -contain^ 
in  the  valley  of  Plauen-  (as  in  Norway),  some  dis- 
TSeminated  crystals  of  zircon,  -is  often  manifested 
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only  by  beds  of  granite  j  for,  the  ftequeat  and 
local  substitution  of  mica  for  hornblende,  and  of 
hornblende  for  mica,  characterises  the  syenitic 
formation  abounding  in  brown  sphene  (braunmen- 
akanerz),  which  is  a  silicate  of  titwium  and  lime. 
The  unatratified  porphyry  of  Saxony  has  generally 
a  base  that  is  red,  greyish,  argillaceous  (thonpor- 
phyr),  the  result  of  the  decomposition  of  the  com- 
pact feldspar;  this  base,  accordingto  M.Boue,  some- 
times takes  the  aspect  of  clinkstone  (kling8tein> 
This  porphyry  contains  scarcely  any  hornblende, 
and  is  not  without  quartz,  like  that  of  Mexico  and 
Hungary.  We  find  in  it  common  feldspar,  quartz 
crystallised  in  double  hexahedral  pyramids,  and 
sometimes  a  little  mica.  The  group  of  porphyries 
and  syenites  of  Saxony  are  somewhat  metalliferous  j 
the  syenite  stratified  in  thick  beds  of  Scharfenbeig 
affords  veins  of  silver,  and-tiie  porphyry  of  Alten- 
burg  sometimes  contains  tin. 

In  the  valley  of  Plauen,  near  Dresden,  is  found 
the  rock  to  which  Werner  first  gave  the  name  of 
syenite,  believing  erroneously  that  all  the  Egyptian 
obelisks  preserved  at  Rome  contained  hornblende, 
M.  Wad  {Foss.  Mgypt.  Musei  Borgiani,  179*, 
p.  6.  and  48. ;  Zoega,  de  Obeliscis,  p.  648.)  has 
proved  that  these  obelisks,  the  finest  of  which, 
speaking  mineralogically,  is  that  of  the  Piazza 
Navona,  are  of  true  granite,  with  black  agglome- 
rated mica,  without  hornblende.  In  ftct,  there 
does  not  exist  any  formation  at  Syene  independent 
of  syenite  and  intennediary  porphyry;    but  pit- 
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mitive  granite,  not  perhaps  of  a  very  ancient  form- 
ation, cont^ns  there  hornblende  (as  at  the  Oroo- 
noko,  at  Spitzberg,  near  KrummhUbel  in  Silesia, 
and  near  Wiborg  in  flnland)  disseminated  in  sub- 
ordinate beds  of  little  extent,  and  extending  irregu- 
larly. In  a  classification  of  rocks,  the  rock  of  Syene 
should  be  considered  as  a  granite  containing  horn- 
blende, and  not  as  a  syenite.  Some  insulated  frag- 
ments of  that  rock,  which  are  found  among  Egyptian 
monuments,  deceived  Werner  by  the  oryctognostic 
analogy  which  they  present  with  the  syenite  of  the 
valley  of  Plauen. 

Formations  of .  porphyry  and  syenite,  entirely 
similar  to  that  of  Saxony,  and  placed  on  tr^isititm 
slate  and  grauwacke,  are  common  at  Thuringer- 
wald  in  Moravia  (between  Blansko,  Briinn,  and 
Znaim),  according  to  M.  Bou6 ;  and  according  to 
M.  Rozi^re,  in  the  peninsula  of  Mount  Sinai. 
The  latter  merit  particular  attention.  Intermedi- 
ary schistose  and  arenaceous  rocks  cover  a  part  of 
Arabia  Petrea..  In  the  midst  of  those  rocks  which 
contain  conglomerates  with  fragments  of  granite  and 
porphyry  (universal  breccia  of  Egypt,  in  the  lan- 
guage of  antiquaries),  syenites  occur,  and  porphy- 
ries with  a  base  of  siliciferous  compact  feldspar, 
containing  imbedded  crystals  of  lamellar  feldspar, 
a  little  hornblende,  and  also  quartz,  according  to 
M.  Burckhardt.  The  porphyries  are  generally  in- 
ferior to  the  syenite,  and  the  latter,  of  which  the 
tables  of  the  law  were  probably  composed,  and 
which  it  is  believed  are  biu-ied  at  Djebel  Mousa, 
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is  accompanied  with  blackish  compact  greenstone 
(gulph  of  Akaba)  and  porphyritic  greenstone. 
All  tins  formation  in  Arabia  Petrea,  of  which  I 
iiave.  examined  numerous  specimens,  resembles  in 
tiie  most  striking  mfumer,  the  porphyritic  ^nd 
sjenitic  formations  of  Ovexeras  and  Goanaxuato,  in 
Mexico.  By  substituting  with  M.  Rozi^re,  the 
word  sitiaite  for  that  of  syenite,  we  should  have 
given  to  the  transition  rocks,  which  are  composed 
of  hornblende  and  feldspar  sometimes  mixed  with 
-  §,  li^e  quartz  and  mica,  a  more  exact  geographical 
name  —  a  name  which  (like  that  of  Jura  liaaestoDe) 
flot:<Hily  recals  the  relations  of  composition,  but 
also  those  of  position. 

D.  Group  of  Norway. 

§  S-i.  This  is  the  series  of  rocks  described  by 
two  celebrated  geognosts,  professor  Haussmaon, 
and  M.  Leopold  de  Buch ;  it  is  this  in  which  the 
formation  of  granite  posterior  to  calcareous  rocks 
containing  the  remains  of  organised  bodies  is  best 
developed,  and  which  has  consequently  thrown- 
much  light  on  the  true  nature  of  the  rocks  of  trans- 
ition. This'  class  of  rocks  was  at  first  considered 
only  as  an  association  of  grauwacke,  carburetted 
schist,  and  black  limestone;  but  by  degrees  it 
was  observed,  that  the  great  mass  of  porphyries, 
long  called  primitive  porphyries,  belonged  either 
to  the  transition  formation,  or  even  to  the  red 
^ancUtone.      The  syenites  of  Meissen   had  beeo 
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united  to  the  intermediary  porphyries;  but  al- 
though the  former  want  hornblende,  and  pass 
insensibly  to  transition  granite  (Dohna),  this  phe> 
nomenon,  the  new  appearance  of  granitoid  rocks 
altogether  analogous  to  primitive  rocks  and  cover- 
ing both  Uack  porphyries  with  pyroxene  and 
orthoceratite  limestone,  began  to  engage  the  atten- 
tjion  of  geognosts  only  irfien  the  shores  of  the  gulph 
of.  ChristiaDia  were  described  in  their  wonder^ 
relations  of  superposition. 

The  zircons,  which  have  given  so  much  celebrity 
to  the  syenite  of  Hohnstrand,  and  of  Stromsoe,  are 
found  abundantly  in  the  syenites  of  South  Green- 
land (according  to  M.  Giesecke,  near  Cape  Com- 
fort, at  Kittiksut  and  Holsteensberg) ;  they  are  also 
disseminated,  in  very  small  masses,  in  the  syenites' 
pf  Meiaseni  and  of  the  valley  of  Plauen.  This  sub- 
9t4itce,  in  other  localities,  belongs  rather  to  primi- 
tive rocks  (for  instance,  to  gneiss) ;  for,  although 
zircon,  titaneous  iron,  sphene,  epidote,  ^assy  feld- 
e^»ar,  chiastolite,  lydian  stone,  diallage,  hornblende 
^d  pyrojKeijei  particularly  abound  in  certain  form- 
ations, we  must  not  consider  those  associations  as 
characters  of  absolute  value.  The  accumidations 
pf  zircons  in  the  syenites  of  Christianiafiord  'U 
much  less  remarkable  with  respect  to  geogonic  pro^ 
blems,  than  the  number  of  vacuities,  the  cavernous 
and  fissured  structure  of  those  very  transitifm  sye- 
nites that,  are  connected  with  basaltic  and  pyrox- 
enic  porphyries.  Since,  by  the  frequent  analogies 
observed  between  the  porphyiy  and  syenite  form- 
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ation  of  Christiania,  and  the  transition  formations 
of  Caucasus,  Hungary,  Germany,  the  west  of 
France,  Greenland,  and  Mexico,  geognosts  are  no 
longer  astonbhed  at  feldspathic  and  crystallised 
rocks  succeeding  to  grauwacke  and  limestone 
with  entrochi  and  orthoceratites,  the  appearance  of 
those  very  crystallised  rocks,  in  the  most  ancient 
member  of  the  series  of  secondary  rocks,  begins  to 
engage  their  attention.  Crystalline  masses  have 
been  observed  in  both  hemispheres,  composed 
of  feldspar  and  hornblende  or  feldspar  and  py- 
roxene, oscillating  between  volcanic  formations, 
the  intermediary  formation,  and  the  red  sandstone. 
These  oscillations,  these  intercalations  of  pro- 
blematic rocks,  which  we  are  tempted  to  re- 
gard as  the  efiects  of  a  successive  penetration 
from  below  upwards,  prove  the  close  connection 
that  exists  between  the  most  recent  transition  beds 
and  the  most  ancient  secondary  and  volcanic  rocks. 
In  the  southern  part  of  the  Tyrol,  masses  of 
granite  and  syeniticj  porphyry  appear  to  break 
out  from  the  red  sandstone,  in  the  alpine  lime- 
stone; and  these  curious  phenomena  of  aft^nui/io^ 
connected  with  so  many  others  previously  known, 
appear  to  forbid  both  at  the  separation  of  the  coal 
sandstone  from  the  porphyries  of  the  intermediary 
formation,  and  the  historical,  and  too  exclusive 
denomination  of  pyrogenic  rocks. 

The  great  formation  of  the  porphyries,  syenites, 
and  granites  of  Norway,  reposes  on  a  fonnation 
of  transition  slate,  containing  alternately,  beds  ttf 


jbyGoogIc 


^33 

black  limestone,  lydian  stone,  and  perhaps  eVen 
(for  the  position  in  this  part  ts  less  evident)  of 
^"anite.  The  black  limestone  (Aggerselv,  Saasen) 
contains  orthoceratites,  several  feet  long,  with 
entrochi,  madrepores,  pectinites,  and  (although 
very  rarely)  ammonites.  Veins  of  porphyry  and 
poiphyritic  greenstone,  from  two  to  fifteen  toises 
thick,  traverse  clay-slate  and  limestone  (Skialleb- 
jerg),  and  announce  the  approach  to  analogous 
masses  of  porphyry  that  jepose,  not  immediately 
on  clay-slate,  but  on  an  arenaceous  rock  (grau- 
wacke)  by  which  the  clay-slate  is  covered.  Between 
Stromsoe,  Maridal,  and  Krogskovn,  grauwacke,  in- 
stead of  being  found  in  beds  in  clay-slate,  to  which 
it  belongs  (§  22.),  forms  a  kind  of  upper  layer, 
so  that  it  is  there  seen  to  change  from  below  to 
above  ;  piimkive 'gneiss,  transition  clay-slate,  alter- 
Dating  with  orthoceratite  limestone ;  grauwacke, 
porphyry,  with  subordinate  beds  of  greenstone ; 
granite  and  syenite,  with  zircons,  alternating  with 
some  beds  of  porphyry.  Near  Skeen  and  Holm- 
strand,  the  orthoceratite-limestone  acquires  so 
great  a  development,  that  clay-slate  is  there  en- 
tirely wanting;  and  grauwacke  is  replaced  by  a  bed 
of  micaceous  quartz.  We  there  see  from  below 
upwards,  primitive  gneiss,  transition  limestone, 
quartz-rock ;  porphyry  of  which  the  lower  bed  is  ot 
mandelstein  j  and  syenite  with  zircons.-  The  por- 
phyries of  Christianiafiord,  mixed  by  infiltration  with 
carbonate  of  lime,  are  generally  reddish-brown ; 
they  have  sometimes  very  slender  crystals  of  la- 
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mellar  feldsptr,  and  are  almost  destitute  of  quartz 
and  hornblende.  Crystallised  quartz  occurs  only 
between  Ai^ersklif  and  Revo.  The  paste  of  the 
porphyry  becomes  occasionally  black  and  porous 
(Viig,  Holmstraed).  In  this  state,  the  rock  re- 
sembles  basalt,  Hke  the  syenite  of  the  peninsula  «f 
Mount  Sinai,  and  cont^ns  crystals  of  pyroxene. 
M.  de  Buch,  to  whom  I  owe  all  these  important 
facts,  observes,  that  crystals  of  feldspar  disappetu- 
in  proportion  as  the  mass  takes  a  darker  tint,  a 
phenomenon  which  I  also  remarked  in  several 
transition  porphyries'  of  Mexico.  Mandelstein,  of 
which  the  elongated  cavities  are  filled  with  car- 
bonate of  lime,  and  which  forms  the  inferior  bed  of 
the  Norw^an  porphyries  oi'Skeen  and  Klaveness, 
reminds  us  of  the  mand^tein  of  the  porphyry 
of  Bolaiios  (Mexican  province  of  New  Galicia), 
whicli  is  traversed  by  one  of  the  richest  argen- 
tiferous veins.  The  syenites  cf  Christianiitfiord, 
always  placed  above  porphyries,  although  ^ter- 
nating  with  them  at  first,  are  composed  (Waring- 
skullen,  Hackedalen)  of  a  great  quantity  of  targe 
crystals  of  red  feldspar,  and  a  little  hornblende  in 
very  small  crystals ;  mica  and  quartz  are  only  ac- 
cidental. Some  anguW*  cavities  in-  the  syenite 
ctttttain  crystals  of  zirctxi  and  ^idote.  The  ^li- 
ferous  titanium,  common  in  bodi  hemis^ere^'to 
primitive  rocks  of  euphotide  and  trachytes,  are 
found  occasionally  in  the  mass  of  syenites  with 
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VI.    TRANSITION  EUPHOTIDE. 

■  5  €5.  We  must  here  distinguish,  as  among  the 
syenites,  between  interposed  beds  and  independent' 
formations.  Beds  of  serpentine  are  found  inter- 
posed  in  whitestone  (§  4.),  in  primitive  mica-slate 
(§  11.),  and  in  transition  clay-slate  (§  32.)-  With 
respect  to  independent  formations  of  euphotide 
(gabbro),  which  -are  often  of  a  very  complicated 
structure,  we  may  at  least  reckon  two,  even  if  we 
reject  the  formation  not  covered  by  any  other  and 
rather  doubtful,  of  Zoblitz  in  Saxony.  The  first  of 
these  independent  formations  occurs  (§  19-)  on  the 
limit  of  primitive  and  intermediary  formations.  It 
is  that  which  M.  de  Buch  has  made  known  in 
Norway  (Maggeroe^  Alten),  and  M.  Beudant  in 
Hun_gary  (Dobschau).  The  second  formation  be- 
longs to  the  newest  transition  rocks,  and  occurs 
on  the  limit  of  the  intermediary  and  secondary 
rocks.  The  serpentine  connected  with  the  form- 
ation of  ophite,  observed  by  M.  Palassou  in  the 
Pyrenees  (valley  of  Baigorry,  Riemont),  in  the 
department  of  Landes,  has  been  considered  as 
more  recent  But  this  ophite  is  a  greenstone,  xr 
intimate  mixture  of  feldspar,  epidote,  and  ^horn- 
blende, in  which  beds  of  serpentine  Me  interposed 
(Pousac);  it  passes  by  the  change  in  the  pr<^or. 
tion  of  the  elements,  sometimes  to  syenite,  some- 
times to  graphic  granite.  M.  Boue,  who  has  re- 
cently examined  this  ophite  on  the  spot,  believes 
it  to  be  a  transition  formation,  covered  by  variegated 
sandstone,  clay,  and  secondary  gypsum. 
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The  great  formation  of  transition  euphotide 
(that  which  constitutes  the  last  member  oi'  the 
series  of  intermediary  rocks)  seems  almost  con- 
stantly connected  (as  in  Piedmont,  between  Mont 
Cervin  and  Breuil)  with  hornblende  rocks.  On 
the  northern  limit  of  the  Llanos  of  Venezuela,  we 
see,  between  Villa  de  Cura  and  Malpasso,  con- 
siderable masses  of  serpentine,  covered  by  red 
'  sandstone,  reposing  on  green  clay-slate  and  trans- 
ition limestone,  and  sometimes  immediately  cm  pri- 
mitive gneiss.  A  small-grained  greenstone  forms 
beds  both  in  clay-slate  and  serpentine.  The  latter 
is  even  sometimes  mixed  with  feldspar  and  horn- 
blende. Green  and  blue  schists,  greenstone,  black 
limestone,  and  serpentine  traversed  by  veins  of 
copper,  form  but  a  single  formation,  which  is 
covered  and  intimately  connected  with  pyroxenic 
amygdaloids,  and  phonolite.  I  have  described  the 
remarkable  position  of  the  serpentine  rocks  of 
Venezuela,  in  the  IfJth  chapter  of  my  Voyage  to 
tJie  Equinoxial  Regions  qf  America. 

In  the  island  of  Cuba,  the  bay  of  Havannah  sepa- 
rates Jura  limestone  from  a  euphotide  formation, 
the  lower  beds  of  which  alternate,  not  wHh  green- 
stone, but  with  a  real  transition  syenite,  com- 
posed of  a  great  quantity  of  white  feldspar,  de- 
composed hornblende,  and  a  tittie  quartz.  The 
alternating  strata  of  syenite  and  serpentine  are 
sometimes,  of  the  thickness  of  three  toises ;  the 
upper  layer  of  this  mixed  formation  is  serpentine, 
ibrming  hills  thirty  to  forty  toises  high,  abounding 
in  diallage  metalloid,  and  traversed  by  veins  of 
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fine  calcedony,  amethyst,  and  ores  of  c^per.  This 
rock  is  confiiEiedly  stratified  (by  groups,  N.  55°  E.; 
incL  60°  at  S.W.  or  N.  90°  E. ;  incl.  50°  at  N.) ; 
springs  of  petroleum  and  water  impregnated  with 
sulphuretted  hydr(^;en  issue  from  thence. 

To  this  formation  of  transition  euphotide  (§  25.), 
the  formation  of  Scotland  (Girvan  and  Bellantrae), 
composed,  according  to  M.  Bou6,  of  serpentine, 
hypersthene  rocks,  and  syenite  seems  to  belong, 
as  also  the  celebrated  formation  of  Florentine, 
(Prato,  Monteferrato),  described  by  MM.  Viviani, 
Bardi,  Brocchi,  and  Brongniart.  Hypersthene  often 
replaces  diallage  (Scotland,  and  Gemerode  in  Ger- 
many). With  respect  to  the  euphotides  of  Flo- 
rence, they  have  been  lately  the  subject  of  some 
interesting  discussions.  They  cont^  beds  of  red- 
dish jasper,  sometimes  striped,  and  which  appear 
superposed,  according  to  M.  Brocchi,  like  those  of 
Styria,  on  grauwackes  and  transition  limestone. 
M.  Brongniart  thinks  that  the  arenaceous  form- 
ation, or,  as  he  calls  it,  the  calcareo-psammitic 
formation  of  tlie  Apennines,  which  serves  as  the 
basis  of  jaspiferous  euphotide,  is  either  a  very 
ancient  secondary  rock,  or  a  very  modem  trans, 
ition  rock.  This  geognost  has  made  known  the 
near  connection  that  exists  between  the  serpen- 
tine of  Italy  and  the  jasper  formation.  The 
latter  generally  constitutes  the  lower  strata  of  the 
euphotides. 

Here  the  series  of  intermediary  formations -ter- 
minates.    We  have  enlarged  the  more  in  their  de- 
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scription,  because  in  attempting  to  exhibit  them, 
according  to  a  new  mode  of  classification,  by  groups, 
we  wished  to  fix  the  attention  of  geognosts  on 
various  phenomena  of  poRition  which  occur  in  the 
mountains  of  Mexico  and  South  America,  which 
are  as  yet  but  little  known. 


SECONDARY  FORMATIONS. 

I.  The  great  depotiie  of  coal,  red  tanddone,  and  teeondarif 
porphyry  (amygdaloid,  greenstone,  pitchstone). 

IL  ZeehtUin  (alpine  limestone,  magneaian  Itmettone),  soine- 
tinm  interposed  in  the  red  sandstone,  hydrated  gypsum,  rock- 
salt. 

III.  Alternating  depotites,  arenaceotu  and  calatreoui  (marl 
and  oolite),  placed  between  the  techttein  and  the  chali.  We  shall 
here  only  mention  two  types  very  similar  in  their  geogmntic 
relations,  beginning  each  series  by  the  most  ancient  rocks. 

FIBST  XTPB. 

Grit  b^rr^  •oariegated  tandttana  (with  oolite)  and  day  with 
fibrous  gypsum  and  traces  of  rock-salt. 

MiMcAetta/^  (limestone  of  Gottingen).   Qfutdertandttrnt, 

Jura  Umestone,  in  severa]  beds  of  porous  and  cellular  lime- 
atone  i  marly  limestone,  with  btmes  of  the  ichthyosaurus  (Gas) ; 
oolites,  limettone  with  madreptwes  (coral  rag),  limestone  with 
fossil  fish  and  crabs. 

Clayteith  lignite. 

Green  tandHone  and  sand  (chalk  with  chlorite,  or  pliioer- 
kalk). 

SECOND  TYPE. 

Red  marl,  marl  formations  with  gypsum  and  rock-salt. 
Oolite  Jbrmaliont,  of  which  the  lower  bed  is  the  lias.    Green 
■and,  which  represents  chalk  with  chlorite  (craie  chlmite). 

IV.  tfiite  attdgrey  chaik,  or  crate  tt^au. 
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TERTIAHY   FORMATIONS. 

DepotUet  above  the  chalk.  Their  order  of  guccesiion  difien 
•ccording  to  the  alternation  of  the  partial  fDrmstioni  whidi 
are  found  more  or  less  developed..  We  present  the  most 
complicated  and  the  best  known  type :  Flattie  day  wkh 
ligniit,  amber,  and  quartzose  sandstone.  (A  formation  nearly 
parallel,  and  perhaps  still  newer,  is  that  of  the  molasse  and 
na^lduhe  of  Argovia,  with  lignite  and  fossil  bones.) 

Coarse  Umettone  (calcaire  grossier)  of  Pari».  The  upper 
and  beds  are  of  sandstone. 

Marl  and  gyptun  with  btmet.  The  lower  strata  are  of  siliceous 
limestone. 

SandMone  and  sands  of  Ftmttdnhleau,  upper Jreth-'uiaterjorm' 
alion.  (Siliceous  millstone;  limestone  of  d'(£ningen,  perh^w 
connected  with  the  molaase.    Trapertino.)    Alluvial  deposites. 

FORMATIQNS   EXCLUSIVELY  VOLCANIC. 
I,     Trachytic  Formationt. 
Granitoid,  and  tyenitie  trachyte*. 
Forphyritic  trachytet  (feldspathic  and  pyroxenii^. 
FhonoUtes  of  the  trachyte*. 
Semi-vitreotu  trachyte*. 
Pearhtone  mik  obsidian. 

TrarAytic  meuli^f,  ctdlalar,  with  siliceous  nodules. 
( Trachyte  and  pumice  conglomerate*,  with  alum-stone,  sulphur, 
opal,  and  opalised  wood.) 

IL    BasaUic  Fonaation*. 

Battdtt,  with  olivine,  p)Toxene,  and  a  little  hornblende. 

FhonoUta  ofbatalti. 

Doleriie*. 

Cetlvlar  mandelstein. 

Clay  faitk  pyrope-gamet*.  This  latter  formation  seems  con- 
nected with  the  clay  with  lignite  of  the  tertiary  formation, 
upon  which  the  basaltic  currents  have  spread. 

(Conglomerate*  and  bataitic  scoria.) 
S  S 
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ni.,  Iavm  that  l^ave  issued  from  a  volcanic  crater.  Lai^e 
currents  of  ancient  lavas,  generally  abundant  in.feldspar.  Mo- 
dem lavas  in  distinct  currento,  and  not  broad ;  obsidian,  and 


Q-putnice. 

IV.  Volcanic  tufiu,  with  shells. 

(Deposites  of  compact  Ihnestoae,  mari,  gypmun,  and  oolites 
superposed  on  the  most  modern  volcanic  tufas.  These  small 
local  tbrmadoDS  belong  perhaps  to  the  tertiary  formations. 
Table-land  of  Biabambo,  Fottavontura  and  I^oncerote  islands.) 


I  have  stated  above,  the  reasons  which  led  me  to 
make  secondary  and  volcanic  f(Mination3  succeed  at 
once,  as  by  bisection,  to  the  transition  formations. 
The  latter  are  connected  by  their  grauwackes  and 
porphyries,  as  well  as  by  a  great  accumulation  of 
carbqn,  to  the  red  sandstone,  secondary  porphyries, 
and  deposites  of  coal ;  and  they  are  connected  by 
their  porphyries  and  syenites  to  the  trach3rtes. 
These  connections  are  so  strong,  that  it  is  often 
difficult  to  separate  porphyries,  amygdaloids,  and 
pyroxenic  rocks  belonging  to  the  transition  form- 
ation, either  from  the  red  sandstone  with  interposed 
beds  of  porphyry  and  green3t<nie,  or  fi^m  those 
formaticns  which  are  exclusively  volcanic  I  use 
the  expression  exclusive^/  vokanic  Jbrmations,  to 
remind  the  reader,  that  beyond  this  formation  there 
may  be  igneous  rocks,  but  that  we  no  where  else  find 
a  less'  interrupted,  and  less  contested  succession. 
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SECONDARY  FORMATIONS. 

These  formations  are  very  unequally  developed 
on  the  globe,  and  the  cause  of  this  inequality-  of 
developement  is  one  of  the  most  interesting  pro- 
blems of  geogony.  or  Jnstwuml  geology ^  We  rarely 
iind  all  the  members^  of  the  series  of  seccmdary 
and  tertiary  formations  together  in  the  same  coun- 
try (Thuringia,  Hanover,  Westphalia,  Bavaria, 
south  of  France,  centre  and  south  of  England)  *, 
considerable  formationB,  for  instance,  red  sand- 
stone, or  alpine  limestone,  are  often  entirely  wait- 
ing ;  sometimes  the  second  is  contained  in  the  first 
like  a  subordinate  bed';  at  other  times,  all  the  terms 
of  the  geognostic  series.  Between  the  alpine  and 
Jura  limestone,  or  those  wfiich  are  posterior  to  the 
chalk,  are  suppressed.  In  the  Sbandinavlan  pe- 
ninsula, on  the  coast  of  the  sea  of  Behring,  and  (if 
we  except  the  sandstone  with  lignites  which  covers 
the  basalts),  even  in  Greenland,  this  suppression 
extends  over  all  the  secondary  and  tertiary  form- 
ations. It  was  long  believed  that  this  singular 
phenomenon  was  confined  to  the  ^gid  zone,  and 
particularly  to  that  part  contained  between  the  60° 
and  70°  of  latitude  ;  but  I  have  also  found  in  a 
vast  space  of  tlie  Sierra  Parfma,  near  the  equator, 
between  the  basin  of  the  Amazon,  and  that  of  the 
Lower  Oroonoko,  (lat  2" — 8°,  long.  65°— 70°)  the 
primitive  formation  of  granite-gneiss  not  covered 
by  intermediary,  secondary,  or  tertiary  formations. 
Where  there  is  a  complete  deficiency  of  the  form- 
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adons  posterior  to  the  developement  of  oi^nised 
beings  on  the  globe,  Hmestone  oftener  than  s£uid> 
stone  formations  are  wanting,  for  every  formation 
not  schistose  has  breccias  or  conglomerates  which 
are  peculiar  to  it  These  conglomerates  are  small 
partial  deposites  that  must  not  be  confounded  with 
the  great  independent  formations  of  grauwacke, 
old  red  sandstone,  vari^ated  sandstone,  and  quader- 
sandstein. 

I.  COAL,  RED  SANDSTONE,  AND  SECOHDABT  POR- 
PHYRY, WITH  INTERPOSED  AMYGDALOID,  GREEN- 
STONE,  AND   LIMESTONE. 

§  S6.  The  coal  sandstone  and  porphyry  constitute 
one  formation  (rothes  todtes  liegaide),  of  a  viui- 
able  aspect,  and  often  of  a  very  complicated  struc- 
ture. Cellular  mandelstein,  greenstone,  teldspathic 
and  pyroxenic  granular  rocks,  retinites  (pech^^in), 
and  some  fetid  limestones  belong  to  this  formation 
as  interposed  beds.  The  English  mineralogists 
call  a  formation  of  red  sandstone  and  porphyry 
by  the  name  of  new  red  conglomerate  (Exeter 
and  Teignmouth),  to  distinguish  it  fi'om  their 
old  red  sandstone  of  Mitchel  De^  in-Hereford- 
shire,  which  is  an  arenaceous  transition  rock, 
(grauwacke),  placed  between  two  transition  lime- 
stones, those  of  Derbyshire  and  Longhope.  This 
n(mien<dature,  which  the  leamed  professor  of  Ox- 
ford, Mr.  Buckland,  has  lately  explained,  has  oc- 
casioned many  geological  mistakes.  I  believe  it 
would  be  very  usefixl  to  the  progress  of  the  science 
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of  positions,  if  by  degrees,  those  vague  deaomi- 
nations  were  abandoned  of  ancient,  interme<Uary, 
and  new  sandstone,  lower  and  upper  sandstone,  and 
^psum,  ^id  limestone  of  ihe^rst,  second^  and 
third  formation.  They  are  only  relatively  true, 
in  particular  places ;  and  they  enumerate  what  is 
numerically  variable,  according  to  the  alternations 
and  suppressions  of  different  terms'  of  the  series. 

The  transition  formation  not  only  affords  an- 
thracite, but  also  true  coal.  We  find  small  depo- 
sites  in  England  in  the  old  red  sandstone  (Bristol), 
the  lower  of  which  beds  pass  Irom  a  fin^  uid 
marly  conglomerate  to  a  very  compact  grauwacke  ^ 
and  in  the  mountain  limestone  (Cumberland),  . 
which  is  analogous  to  the  transition  limestone  of 
Namur  in  Belgiunt,  and  Prague  in  Bohemia. 
But  the  great  deposite  of  coal  (coal  measures)  oc- 
curs, as  we  have  said  above,  oh  the  limit  of  inter- 
mediary and  secondary  rocks.  On  account  of 
this  very  portion,  the  coal  is  sometimes  mixed 
(England,  Hung^,  Austria,  soqth  of  the  Da? 
nube,  Belgium)  with  arenaceous  beds  connected 
with  true  grauwackes;  sometimes  (an4  it  \^  the 
type  most  generally  known  on  the  ContiBent, 
^ce  the  observations  of  Fuchs  and  Lehman,  made 
towards  the  year  17^0)  it  belongs  to  the  great 
formation  of  porphyry  and  red  sandstone.  In  the 
first  case  (England^  the  deposites  of  coal  foUow 
the  inclinatiwi  of  the  tranation  rocks,  to  which 
(as  MM.  Conybeare  apd  FhilUps  have  judiciously 
observed),  they  are  pore  particularly  connected 
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and  are  found  as  much  inclined  as  the  black  Ume- 
stone  and  grauwackes  which  they  cover.  The 
series  of  horizont^  and  secondary  formations  th»« 
i^pear  to  begin  only  with  magnesian  limestone, 
which  represents  the  zechstein  or  alpine  lime- 
stone. In  the  second  case  (Germany  and  Fraice), 
the  coal  depoaite  accompanies  the  red  sandstone 
and  porphyry,  whatever  may  be  the  primitive  or 
intermediary  formations  on  which  those  two  rocks 
sue  immediately  placed.  This  constant  union 
with  si^erposed  rocks,  and  want  of  connection 
with  the  lower  formations,  are  the  surest  geognos- 
tic  characters  of  the  dependence  or  independence 
of  a  formation.  The  great  dq>osite  of  coal  is  often 
neither  covered  with  porphyry,  nor  red  sandstone, 
nor  mixed  with  arenaceous  beds  belonging  to  in- 
termediary formations.  It  is  often  placed  in  ba- 
sins amrounded  by  bills  of  sandstone  and  porphyry, 
and  contains  at  its  upper  part  only  alternating 
beds  of  slate-clay  (schieferthon%  sometimes  blu- 
ish-grey, fiiable  and  filled  with  impressions  of 
fern,  sometimes  compact,  carbiu*etted  (bnmd-schie- 
fer),  and  pyritous.  These  strata  of  carboniferous 
sandstone  (kohlen-schiefer),  quartzose  sandstone 
passing  to  -granular  quartz,  conglomerates  in  large 
fragments  (steinkohlen-conglomerat),  and  fefid 
limestone,  are  found  amidst  slate-clay  before  reach- 
ing the  coal.  These  are  small  locaL  formations 
contained  in  the  deposites  of  muriatiferous  clay 
(salzthon),  rock-salt,  hydrate  of  iron,  and  calamine ; 
and  in  circumstances  quite  analogous,  where  they 
are  not  immediately  covered  by  the  great  form- 
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ation  of  alpine  limestone.  Notvithstanding  these 
^pearances  of  being  insulated  and  independent, 
coal  and  rock-salt  do  not  the  less  belong,  geo- 
gnostically,  one  to  the  red  sandstone  and  the  other 
to  alpine  limestone  or  zechstein.  The  impressions 
of  arborescent  ferns,  as  MM.  Voigt  and  Brong- 
niart  have  well  observed,  characterise  tiie  epoch 
of  true  coal,  while  they  do  not  appear  in  the 
lignites. 

In  the  temperate  zone  of  the  old  .continent 
coal  decends  as  fer  as  the  lowest  parts  of  the  shore. 
We  find  at  Newcastle  on  'I'yne,  at  the  level,  and 
below  the  bottom  of  the  sea,  fifty-seven  beds  of 
hardened  clay  and  conglomerate,  alternating  with 
twen(y-five  beds  of  coal.  In  the  equinoxial  region 
of  the  newxontiiient,  I  saw,  onthe  contr^,  coal 
interposed  in  the  red  sandstone,  and  ri^g  in  the 
table-land  of  Santa  F^  de  Bogota  (Chipo  between 
Canoas  and  Salto  de  Tequendama ;  mountain  of 
Suba;  Cerro  de  losTunjos),  to  1360  toises  above  the 
level  of  the  ocean.  Coal  is  also  found  in  the  south- 
ern hemisphere,  in  the  lo^.y  Cordilleras  of  Hua- 
rocheri  and  Canta ;  I  was  well  assured  that  they 
occur  near  Huanuco  (interposed  with  alpine  lime- 
stone,) very  near  ihb  limit  of  perpetual  snow,  at 
the  height  of  S300  toises,  consequently  above  all 
all  phanerogamous  vegetation.  Deposites  of  coal 
abound  beyond  the  tropics  in  New  Mexico,  in  the 
middle  of  the  salt  pimns  of  Moqui  and  Nabajoa, 
.  and  to  the  east  of  the  rocky  mountains,  as  also 
towards  the  sources  of  the  Rio  Sabina,  in  that 
immense  basin  covered'with  secondary  formations. 
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in  which  flow  the  Missouri  and  the  Arkansas. 
Rhomboidal  flbrous  masses,  having  a  sUky  luf^e, 
and  staining  the  fingers,  are  found  imbedded  in 
the  compact  coal  of  both  continents ;  they  Gmn 
a  kind  of  breccia,  which  the  miners  consider  as 
containing  fragments  of  carbonised  wood;  some- 
times the  shining  masses  are  almost  inc(»nbustible, 
and  seem  a  kind  of  anthracite  with  a  fibrous  tex- 
ture (faserkohle  d'Estner,  mineralische  holzkohle 
of  Werner).  They  are  found,  according  to  the 
observations  of  MM.  de  Buch  and  Karsten,  col- 
lected (Lagiewnick  in  upper  Silesia)  in  beds  from 
four  to  five  inches  thick.  This  phenomenon  merits 
particular  attention;  for  the  coals  which  contaia 
the  imbedded  fragments  with  a  silky  lustre,  belong 
to  the  best-clunactmsed  red  sandstone,  mid  n<ri;  to  ' 
the  lignites  of  the  clay  immedii^y  below  or  above 
the  ch^lk.  In  the  peninsula  of  the  Crimea  a  vast 
district  presents  numax)us  alternations  of  beds  c£ 
slate-clay  without  coal*  ccNc^omerates,  greraistone, 
and  compajct  limestone.  Is  this  a  foraiation  of 
red  sandstone,  containing  faoreblende  tocks,  and 
dtemating  with  the  ^echstein  ? 

It  is  difficult  to  assign  a  geoer&l  type  to  the 
difierent  divisiona  that  constitute  the  great  forma^ 
tion  g  26.  The  coal  appears  most  irequaatly  be- 
low the  red  sandstone;  sometimes  it  is  placed 
evid«itly  in  that  rock,  or  in  potphj^.  The  por- 
^yry  penetrates  and  abounds  in  difierent  mannw* 
in  the  formation  of  coal  sandstone;  sometimes 
covering  immediately  the  coal ;  more  geoerfUly  sur- 
mounting the  sandstone,  rising  in  d^jtnes,  or  ffxke 
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yiith  steep  decUvities.  When  transition  formattons 
are  immediately  covered  by  the  red  sandstone  (Sax- 
ony) it  is  often  difficult  to  decide,  if  the  porphy- 
ries found  in  the  proximity  of  coal  axe  trandtion 
porphyries,  or  if  they  belong  to  the  red  sandstone. 
'  It  appears  also  that  porphyries  form  real  beds  less 
frequently  than  crossing  and  intermingled  masses 
(stehende  StOcke  and  Stockwerfce)  in  the  coal  for- 
mation.  They  vary  much  in  colour;  they  are 
violet,  grey,  and  reddiah-brown,  verging  on  white 
(Petersbeig  near  Halle,  Giebichenstein,  Wettin), 
penetrated  by  fluate  <^  lime  unatratifiedt  sometunes 
divided  into  thin  plates,  and  accompanied  by 
porpkyritic  breccias.  The  base,  or  paste  of  those 
porphyries,  besides  containing  imbedded  lamdlar 
feldspu  that  is  sometimes  steatitic,  blackish  quartz. 
and  a  little  brown  mica  and  h<H7iblende,  is  ge> 
nersdly  formed  of  compact  fel<^)ar.  This  paste 
passes  to  kadin  (Mori  near  Hidle) ;  at  other  times 
it  becomes  black  and  almost  basaltic  (LobegUn 
in  Saxony,  Schulzberg  in  Silesia),  cellular,  and 
as  if  scorified  (Ri^^rund  near  Schmiedsdorf  in 
Silesia),  or  passing  to  phonolite  (Zittau  in  Saxony). 
The  simie  antdt^es  are  sometimes  remarked  in 
the  potphyiies,  amygdtdoids,  greenstones,  and  py- 
roxenic  rocks  of  the  red  suidstone  (Saxony,  Silesia, 
Palatinate,  Scodand),  with  the  rocks  exdusively 
called  v<dciuuc,  as  are  found  in  tiie  porphyries 
Mid  syenites  <rf'  intenne^ary  formation  (Himgary, 
Norway,  Mexict^  P«ti).  M.  de  Buch  saw  in  ^. 
lena  porphyries  of  the  red  simdstone  aboundi^  in 
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crystals  ai  hornblende  (Reichmacber  near  Fried- 
land),  or  containing  also  imbedded  quartz  ( WUden- 
berg  near  Jauer),  and  slender  ciystals  of  glassy  feld- 
spar. M.  Bou^  observes,  that  in  tlie  red  sandstone 
of  Scotland,  which,  in  general,  is  almost  destitute 
o£  coal  (with  the  exception  of  Dumfries),  the  inter- 
posed trap-rocks  have  elongated  cavities  with  a 
shining  surface.  This  porous  mandelstein  of  the 
red  sandstone  has  all  the  appearance  of  interca- 
lated volcanic  rocks. 

Giermany,  at  its  northern  extremity  (isle  of 
Rugen),  contains  chalk  and  tertiary  formations, 
and  at  its  southern,  in  the  Tyrol  (valley  of  Eisackj 
Collmann,  Botzen,  Pergine,  Neumarkt),  poiphy- 
ries  of  the  red  sandstone.  The  composititm  of  these 
porphyries  of  the  Tyrol  is  identical  with  that  of 
the  porphyries  of  Mansfeld  i  they  contain,  besides 
feldspar,  black  mica,  brown  quartz,  and  a  little 
hornblende.  The  red  colour  of  their  paste  some- 
times penetrates  within  the  imbedded  crystals 
of  feldspar.  In  a  geognostic  journey  made  in 
1795,  I  found  these  porphyries  somewhat  regu- 
larly stratified  near  Botzen  and  Brandsol  (N.  25° 
W.  i  ind.  30'  at  S.E.).  They  present  small  de- 
posites  of  coal  on .  the  branches  of  4Jie  Adige,  be- 
tween Saiss  and  S.  Peter. 

Secondary  porphyries  exhibit,  in  every  part  of 
Europe,  the  aj^>earance  of  a  progressive  passage  to 
the  r^  sandstone.  Some  geognosts  admit  that  in- 
sulated crystals  of  feldspar  occur  imbedded  in  the 
cement  of  the  arenaceous  rock,  or  are  developed 
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there;  others  assert,  perhaps  with  more  reason,  that 
these  pretended  passages  of  porphyries  to  porphy- 
ritic  breccias  and  red  sandstone,  are  only  the  effect 
of  an  iUusion  produced  by  regenerated  pm^pJ^rieSt 
that  is,  by  agglomerates  which  are  formed  at  an 
epocha  when  the  imbedded  fragments  were  in  a 
state  too  soft  to  preserve  their  outlines  amidst 
the  cement.  A  porphyritic  breccia  (trummer  por- 
phyr)  near  Duchs  in  Bohemia,  which  M.  Freiesle- 
ben  and  I  described  in  1793,  and  in  which  grains 
of  quartz  are  mixed  with  broken  crystals  of  quartz 
and  feldspar,  may  throw  some  Hght  on  a  phenome- 
non  which  has  not  yet  been  sufficiently  investi- 
gated. It  is  very  remarkable,  and  this  observation 
has  been  long  since  made,  that  porphyries  are 
wanting  on  the  north  of  the  Alps  of  Switzerland 
and  the  Tyrol,  while  they  are  very  a>mmon  at 
the  southern  declivity  of  the  Alps,  between  Lake 
Mi^giore  and  Carmthia. 

The  red  sandstone  is  generally  composed  of 
fragments  of  the  rocks  that  exist  in  the  neigh- 
bouring mountains.  In  the  north  of  Germany, 
these  fragments  are  more  generally  quartz,  lydian 
atone,  silex  (homstone),  porphyry,  syenite,  and 
clay-slate,  than  gneiss,  .  granite,  and  mica-slate. 
The  colour  of  the  red  sandstone  is  very  variable ; 
it  passes  from  reddish-brown  to  grey  (graue  lie- 
gende) ;  these  are  sometimes  mixed  by  very  thin 
beds,  as  in  the  variegated  sandstone  (grSs  bigarr^). 
The  red  tint  of  this  formation  is  owing,  according 
to  the  opinion  of  several  c^ebrated  geologists,  to 
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the  ferruginous  matter  from  the  neighbouring  por- 
phyries. Without  invalidating  the  correctness  of 
this  observation  with  respect  to  a  part  of  the  ancient 
continent,  I  wish  to  express  some  doubts  respect- 
ing the  influence  of  porphyries  on  the  formation 
of  the  red  sandstone  in  the  equinoxial  regions  of 
the  new  continent.  The  sandstone  of  the  vast 
steppes  of  Venezuela  is  reddish-brown,  like  the 
todte  tiegende  of  Mansfeld;  it  contains  no  frag- 
ments of  porphyry,  and  no  bed  of  intermediary  or 
secondary  porphyry  is  known  for  several  hundred 
leagues.  It  is  the  same  with  regard  to  the  red 
sandstone  of  Funfkirchen  and  Vasas  in  Hungary, 
described  by  M.  Beudant 

Wherever,  in  the  formation  J  S6.,  coarse  con- 
glomerates alternate  with  fine-grained  arenaceous 
rocks,  the  latter  pass  to  slaty  coal-sandstone 
strongly  micaceous  (sandstein-schiefer).  These 
alternating  masses  contain  slate-clay  which  is  green- 
ish or  brown.  When  this  clay  is  stron^y  carbu- 
retted  (kohlen-schiefer)  and  bituminous,  it  some- 
times contains  (Suhl,  Goldlauter)  aigentiferousores 
(grey  copper,  galena,  and  copper  pyrites).  It 
contains  impressions  of  fossil  iish,  and  has  the 
aspect  of  the  copper-slate  belonging  to  the  alpine 
limestone.  On  the  other  hand,  the  disintegration 
of  fine-grained  arenaceous  rocks  forms  layers  of 
quartzose  and  brownish  sand  (triebsand)  in  the 
middle  of  the  most  compact  red  sandstone  (Walken- 
ried  and  Bieber).  The  cement  of  the  coal  sand- 
stone is  sometimes  limestone  and  the  pcHiions  of 
17 
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carbonate  of  lime  become  sometimes  so  frequent 
that  they  give  to  the  rock  the  appearance  of  a 
granular  and  arenaceous  limestone  (carboniferous 
mountdns  on  the  limits  of  Hungary  and  Galida). 
These  are  the  cakariferous  sandstones  of  M.  Beu- 
dant,  mixed  with  green  chloritic  grains.  With 
respect  to  the  fragments  imbedded  in  the  red  sand- 
stone, they  are  either  angular  and  completely  fixed 
in  the  mass,  or  rounded  and  flattened  like  the  peb- 
bles of  the  most  recent  ni^elfluhe.  The  formation 
of  the  red  sandstone  which  constitutes  the  greater 
part  of  Ireland,  and  which  is  so  common  in  the 
north  of  Germany,  in  the  Black  Forest,  and  the 
Vosges,  is  almost  entirely  wanting  (like  the  form- 
ation of  porphyries)  in  the  high  Alps  of  Switzer- 
land. The  Niesen  probably  belongs  to  grauwacke, 
and  M.  Gruner  believes  that  the  vicinity  of  Mels, 
Bregentz,  and  Sonthofen,  furnish  the  only  con- 
glomerates which  by  their  structure  and  position 
resemble  the  red  sandstone.  In  the  high  Alps,  as 
well  as  in  several  parts  of  Silesia  (Schweidnitz)  and 
Hungary  (Dunajitz),  the  red  sandstone  contains 
imbedded  alpine  limestone,  with  which  it  alter- 
nates J  in  the  circle  of  Neustadt  in  Saxony,  the 
red  sandstone  is  entirely  wanting. 

The  beds  subordinate  to  the  red  sandstone,  or 
alternating  with  it,  are  the  following ;  fetid  lime, 
stone  and  strongly  carburetted  and  bituminous 
slates,  (kohlen-schiefer  of  Freiesleben),  which  de- 
note the  close  connection  of  the  red  sandstone  with 
zechstein   and  marno>bituminous    slate    (kupfer- 
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schiefer)  ;  greenstone,  a  mixture  of  feldspar  and 
hornblende  (Noyant  and  Figeac,  in  France),  some- 
times even  with  pyroxene  (Scotland);  cellular  man- 
delstein,  sometimes  extremely  porous,  containing 
(Ihleiield  in  the  HartZ}  banks  of  la  Nafae,  Oberstein, 
and  Kim ;  Heavitree,  Exeter)  agate^  calcedony, 
prehnite,  and  chabasie,  and  penetrating,  as  by  fis- 
sures, into  the  mass  of  the  red  sandstone  (Planitz 
in  Saxony)  j  coal  alternating  with  slate-clay  with 
impressions  of  ferns ;  anthracite  (Schonfeld,  be- 
tween Altenberg  and  Zinnwald)  belongiiig  more 
particularly,  according  to  M.  Beudant,  to  the  por- 
phyry interposed  in  the  red  sandstone,  than  to  the 
latter  rock;  porphyries,  first  alternating  with  ihe 
red  sandstone,  and  then  covering  IJiem  in  great 
rocky  masses;  pechstein (quartz  resinit^  or  reti- 
nite).  The  true  position  of  pechstein  in  Saxony 
has  been  observed  by  MM.  Jameson,  RaumeT, 
Frzystanowsky,  and  Schenk.  This  substance  forms 
a  porphyry  with  a;semi-vitre(His  bas^  ccnllauniBg 
feldspar  often  shivered,  and  very  little  mitia,  horn- 
blende, and  cry  stallised  quartz  (valley  of  Triebitch ), 
The  pitchstone  contains  imbedded  fragments"  of 
gneiss  (Mohom  and  Braunsdorf) ;  it  is  traversed 
by  small  veins  of  fibrous  anthracite  (Flaniz,  near 
Zwickau)  and  alternates  with  common  porphyry 
of  the  red  sandstone.  These  porphyries  and  re- 
tinites repose  (Nieder-Garsebach)  on  transition 
syenite.  M.  Beudant,  who  has  recently  given  a 
det^ted  description  of  this  position,  has  observed 
that  the  pitchstone  of  Herzogswalde  is  contained 
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in  an  arenaceous  cleposite  with  a  baas  of  argiloUte 
(thonstein).  This  deposite  cont^ns  imbedded  an- 
gular fragments  of  ^eiss  and  mica-slate,  and  be. 
longs  to  the  red  sandstone.  The  pitchstone  of 
Grantola,  at  the  lake  Maggiore>  is  found  in  the 
same  position  ;  that  of  Scotland  contains  naphtha. 
In  Peru  there  is  pitchstone  (smoke-grey,  almost 
without  feldspar,  and  containing  crystallised  mica), 
in  the  road  from  Couzco  to  Guamanga,  where  it 
forms  mountains;  but,  according  to  the  observations 
of  M.  de  Nordenflycht,  this  formation  is  subordinate, 
as  in  Europe,  to  poiphyritic  rocks. 

The  whole  of  the  formation  §  26.,  which  we  now 
describe,  is  generally  characterised  by  the  absence 
of  fossil  shells.  If  a  few  are  found,  they  belong  to 
beds  of  limestone  and  carburetted  schist  (kohlen- 
schiefer)  which  are  interposed  in  the  red  sandstone, 
and  not  to  the  mass  of  this  formation,  which,  in  the 
two  hemispheres,  contains  in  abundance  only  trunks 
of  fossil  wood,  and  other  remains  of  monocotyledon 
plants  (plains  of  Thuringia,  Kiffhauser,  Tilleda ; 
plains  of  Venezuela  between  Calabozo  and  Cha- 
guaramas;  table-land  of  Cuen9a,  at  the  south  of 
Quito)*  M.  Adolphe  Brongniart  thinks,  however, 
that  the  impressions  of  true  palms  are  not  found  in 
this  coal. 

I  had  the  opportunity  of  observing  the  form- 
ation of  red  sandstone  in  the  equinoxial  region  of 
the  new  continent,  north  and  south  of  the  equator, 
in  six  different  places-,  in  New  Spain  (from  1100 
to  1300  toises  high),  in   the  steppes  or  Llanos 
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of  Venezuela  (30 — 50  toiaes)  in  New  Grenada 
(50 — 1800  toises),  on  the  southern  table-land  of 
the  province  of  Quito  (1350—1600  toises),  and  in 
the  western  valley  of  the  Amazon  (SOO  toises). 

1".  New  Spam.  The  schists  and  transiticHi  por- 
phyries of  Guanaxuato  (table-land  erf  Anahuac),  of 
which  we  have  given  a  detailed  description  above, 
(SS  22,  23.)  are  covered  with  a  formation  of  red 
sandstone.  This  formation  fills  the  plains  of  Ce- 
laya,  Salamanca,  and  Burras  (900  toises);  it  there 
supports  limestone  very  analogous  to  that  of  Jura, 
and  lamellar  gypsum.  It  extends  by  C^ada  de 
Marfil,  to  the  mountains  that  surround  the  town 
of  Guanaxuato,  and  appears  in  insulated  spots  in 
the  Sierra  de  Santa  Rosa,  near  ViUalpando  (1330 
toises).  This  Mexican  sandstone  has  the  most 
striking  resemblance  with  the  roihe  todte  liegende 
of  Manafeld  in  Saxony.  It  contains  angular  frag- 
ments of  lydian  stone,  syenite,  porphyry,  quartz, 
and  flint  (splittriger  homstein).  The  cement  that 
unites  these  fragments  is  argilo-fermginous,  very 
tenacious,  yellowish-brown,  and  often  (near  the 
river  of  Serena)  of  a  brick-red  colour.  Beds  of 
coarse  con^omerate,  containing  fragments  two  or 
three  inches  in  diameter,  alternate  with  a  fine- 
grained conglomerate,  sometimes  even  (Cuevas) 
with  a  sandstone  consisting  uniformly  of  grains  of 
quartz.  Coarse  conglomerates  abound  more  in 
plains  and  ravines  than  on  the  heights.  I  thought 
I  perceived  in  the  most  ancient  beds  (mine  of 
Rayas),  a  passage  from  the  red  sandstone  to  gran- 
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wacke ;  the  pieces  of  imbedded  syenite  and  por- 
phyry become  very  small ;  their  outlines  are  indis- 
tinct and  appear  as  if  softened  into  the  mass.  This 
conglomerate  (Mjotitlo  de  Rayas)  must  not  be 
confounded  with  that  of  the  mine  of  Animas,  which 
is  whitish-grey,  and  contains  fragments  of  compact 
limestone.  In  the  red  sandstone  of  Guanaxuato, 
as  well  as  in  that  of  Eisleben  in  iSaxony,  the  cement 
is  often  so  abundant  (road  irom  Guanaxuato  to 
Rayas  and  Salgado),  that  the  imbedded  fragmaits 
are  nolonger  distinguished.  ArgiUaceousbed8,fi:om 
three  to  four  inches  thick,  then  alternate  with  the 
coarse  conglomerate.  The  great  formation  of  red 
sandstone,  superposed  on  metalliferous  clay-skite, 
^pears  in  generd  only  when  supported  by  trans- 
ition porphyry  (Belgrade,  Bufl5i  de  Guanaxuato); 
but  we  see  it  distinctly  placed  on  the  latter  rock 
at  Villalpando.  I  found  no  petrified  shells,  nor  any 
trace  of  coal  or  fossil  wood  in  the  red  sandstone 
of  Guanaxuato.  These  combustible  substances 
occur  frequently  in  other  parts  of  New  Spain, 
especially  in  those  which  are  least  elevated  above 
tbe  level  of  the  sea.  In  the  interior  of  New  Mexico^ 
coal  is  known  not  &r  from  the  banks  of  the  Rio  del 
Norte;  other  depositesof  it  probably  are  hid  in  the 
plains  of  Nuevo-Sant- Ander  and  the  Texas.  At  the 
north  of  Natchitoches,  near  tfie  coal-mine  <^Chicha. 
subterraneous  detonations  are  heard  from  time  to 
tim^  from  an  insulated  hill,  occasioned  perhaps  by 
the  inflammation  of  hydrogen  gas  mixed  with  at^ 
mospheric  air.     Fos«l  wood  is  common  in  the  red 
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sandstone  that  extends  towards  the  north-east  of 
the  town  of  Mexico.  It  is  also  found  in  the  im-. 
mense  plains  of  the  Intendance  of  San-Luis-Potosi, 
and  near  the  town  of  Altamira.  The  coal  of  Du- 
rasno  (between  Tierra-Nueva,  and  San -Luis  de  la 
Paz)  is  placed  below  a  bed  of  clay  containing  fossil 
wood,  and  over  a  bed  of  sulphuret  of  mercury . 
which  covers  the  porphyry.  Does  it  belong  to 
very  recent  lignites?  or,  ought  we  not  rather  to 
admit  that  these  combustible  substances  of  Durasno, 
these  clays  and  semi-vitreous  porphyries  (pechsteiu: 
porphyre),  globular  and  covered  with  mammillated 
hyalite,  porphyries  which  in  other  parts  of  Mexico 
(San  Juan  de  la  Chica ;  Cerro  del  Fraile  new  the 
Villa  of  San. Felipe)  contain  deposites  of  sulphuret 
of  mercury,  are  connected  with  the  great  form- 
ation of  red  sandstone  ?  There  is  no  doubt  that 
this  foimation  is  as  rich  in  mercury  in  the  new 
continent  as  in  the  west  of  Germany  j  it  is  found 
there  when  the  porphyries  are  wanting  (Cuen^a, 
table-land  of  Quito) ;  and  if  the  union  of  veins  of 
tin  with  veins  of  cinnabar,  in  the  porphyries. of 
San  Felipe,  appear  at  iirst  to  remove  porphyritic 
rocks  which  abound  in  mercury  from  those  of  the 
red  sandstone,  we  must  recollect  that  transition 
clay-slate  and  porphyries  (Hollgrund  near  Steben, 
Hartenstein)  are  also  sometimes  stanniferous  in 
Europe. 

I  place  in  the  suite  of  cofd-sandstones  of  Gua- 
naxuato,  a  formation  that  is  somewhat  doubtful, 
which  I  have  already  described  in  my  Political 
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Essaif  on  New  Spain,  by  the  name  o£  lozero,  or 
feidspathic  conglomerate  ;  it  is  an  arenaceous 
rock,  reddish-white,  and  sometimes  apple-green, 
which  divides,  like  sandstone  (Letiben  or  Wald- 
plattenstein  of  Suhl),  in  very  thin  plates  (lozas)  ; 
it  contains  grains  of  quartz,  small  fragments  of  clay- 
slate,  and  a  quantity  of  crystals  of  feldspar  partly 
broken  and  partly  entire.  These  various  substances 
are  connected  together  in  the  lozero  of  Mexico,  as 
in  the  rock  -of  porphyritic  aspect  of  Suhl,  by  an 
argillo-ferruginous  cement  (Canada  de  Serena, 
and  almost  the  whole  mountain  of  that  name).  It 
is  probable,  that  the  destruction  of  the  porphyry 
has  had  great  influence  on  the  formation  of  the 
feidspathic  sandstone  of  Guanaxuato.  The  most 
experienced  mineralogist  might  at  first  be  led  to 
take  it  for  a  porphyry  with  an  argillaceous  base, 
or  for  a  porphyritic  breccia.'  Around  Valen- 
ciana  the  lozero  forms  masses  of  200  toises  in 
thickness,  and  which  exceed  in  elevation  the  moun- 
tfdns  formed  by  the  intermediary  porphyry.  Near 
to  Villalpando  a  feidspathic  conglomerate,  with 
very  small  grains,  alternates  by  beds  one  or  two 
feet  thick,  twenty-eight  times  with  slate-clay  of  a 
darkiah-brown.  I  saw  every  where  this  conglo- 
merate or  lozero  reposing  on  the  red  sandstone, 
and  at  the  south-west  declivity  of  Cerro  de  Serena, 
in  descending  towards  the  mine  of  Kayas,  it  ap- 
peared to  me  suflSciently  evident  that  the  lozero 
forms  a  bed  in  the  coarse  conglomerate  of  Marfil. 
I  doubt,  consequently,  If  this  remarkable  formation 
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c&n  belong  to  trachjtic  pumice-conglomerates,  as 
M.  Beudant  seems  to  think  from  its  analogy  with 
some  rocks  in  Hungary.  The  argillaceous  cement 
becomes  often  so  abundant  that  the  imbedded  parts 
are  scarcely  visible,  and  the  mass  passes  to  compact 
claystone  (thonstein).  In  tliis  state  the  lozero  fur- 
nishes the  fine  building-atone  of  Queretaro,  (quar- 
ries of  Caretas  and  Guimilpa,)  which  is  so  much 
esteemed  for  construction.  I  have  seen  columns 
fourteen  feet  high,  and  two  feet  and  a  half  in 
diameter,  flesh-red,  brick-red,  or  peach  colour. 
When  in  contact  with  the  atmosphere  those  fine 
colours  change  to  grey,  probably  by  the  action  of 
the  air  on  the  dendritic  manganese  contained  in 
the  fissures  of  the  rock.  The  columns  of  Quere- 
taro have  a  smooth  fracture,  like  that  of  the  litho- 
graphic Jura  limestone.  With  difficulty  we  discover 
in  these  claystones  (argilolites)  some  very  small 
fragments  of  clay-slate,  quartz,  feldspar,  and  mica. 
I  will  not  decide,  if  the  unbroken  crystals  of  lozero 
or  feldspathic  sandstone  are  developed  in  the  mass 
itself,  or  are  found  there  accidentally.  I  shdl  here 
confine  myself  to  the  observation,  that  in  Europe 
this  red  sandstone  and  these  porphyries  are  also 
sometimes  characterised  by. a  local  suppression  aS 
crystals  and  imbedded  fragments.  The  lozero  sp- 
pears  to  me  to  be  a  fonnation  of  superposed  sand- 
stone, perhaps  even  subordinate  to  the  red  sand- 
stone ;  and  if  no  rock  entirely  similar  is  fmmd  in 
the  ancient  continent,  we  see,  at  least,  the  first 
germ  of  this  kind  of  pseudo-porphyiitic  structure 
in  the  layers  of  sandstone  with  feldspar  crystals, 
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broken  or  entire,  which  are  sometimes  imbedded  in 
the  great  formation  of  red  sandstone  of  Mansfeld 
andThuringerwald.  (Freiesleben,X^ug^,  b.iv.  p.  82. 
85.  95.  194.  )■ 

2°.  Venezuela,  The  immense  plains  of  Vene- 
zuela in  South  America  (Llanos  of  LowerOroonoko) 
are,  for  the  most  part,  covered  with  red  sandstone, 
limestone,  and  gypsum.  The  red  sandstone  is 
there  disposed  in  a  concave  posttion  (muldenfor- 
mige  Lagerung)  between  the  mountaLas  of  the  shore 
of  Caracas  and  those  of  Parima,  or  the  Upper 
Oroonoko.  It  is  connected  at  the  north  with  trans> 
ition  slate,  and  at  the  south  reposes  immediately 
on  primitive  granite.  It  is  a  conglomerate  c^' 
rounded  fragments  of  quartz,  lydian  stone,  and 
kiesel-schiefer,  united  by  an  argillaceous  and  ferru- 
ginous cement  that  is  olive-brown  and  extremely 
tena(dous.  Thk  cement  is  sometimes  (near  Ca- 
labozo)  of  so  vivid  a  red,  that  the  people  of 
the  country  imagine  it  is  mixed  with  cinnabar. 
The  coarse  conglomerate  alternates  with  a  fine- 
grained quartzose  sandstone  (Mesa  de  Faja). 
Small  masses  of  brown  iron,  and  of  the  petrified 
wood  of  monocotyledon  plants  are  imbedded  in 
botii.  This  arenaceous  formation  is  covered(Tisnao) 
by  a  whitish-grey  compact  limestone,  analogous  to 
that  of  Jura.  Above  this  limestone  we  iind  (Mesa 
de  San  Di^o  and  Ortiz)  lamellar  gypsum  alter- 
nating with  beds  of  marl.  I  saw  no  fossil  shells  in 
any  of  these  beds,  whether  arenaceous,  calcareous, 
gypseous,  or  marley.    The  cement  of  the  conglo- 
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and  the  sandstone  of  the  steppes  of  Venezuela  ap- 
peared to  me  to  be  &r  removed  by  its  place  and 
composition  from  the  nageffluJie  (sandstone  with 
lignite)  of  the  tertiary  formation,  with  which  it  has 
some  analogy  of  aspect  by  the  rounded  form  of  the 
imbedded  fragments.  These  arenaceous  »id  lime- 
stone  formations  do  not  rise  above  thirty  or  forty 
toises  of  absolute  height  In  the  eastern  part  of 
the  Llano  of  Venezuela  (near  Curataquiche)  fine 
pieces  of  ribband-jasper  or  Egyptian  pebbles  are 
dispersed  on  the  surface  of  the  soil.  Do  they  be- 
long to  the  red  sandstene,  or,  as  near  Suez,  to  a 
more  modem  formation  ? 

3".  New  Grenada.  A  formation  of  sandstone 
of  immense  extent  covers  almost  without  interrup- 
tion, not  only  the  northern  plains  of  New  Grenada 
between  Mompox,  the  canal  of  Mahates,  and  the 
mountains  of  Tolu  and  Maria,  but  also  the  basin 
of  the  Rio  de  la  Magdalena  (between  Teneriffe 
and  Melgar),  and  tiiat  of  Rio  Cauca  (between  Car- 
thago and  Call).  Some  scattered  fragments  of 
slaty  and  coal-sandstone  (kohlen-schiefer),  which  I 
found  at  the  mouth  of  the  Rio  Sinu  (at  the  east  of 
the  Gulf  of  Darien),  render  it  probable  that  this 
formation  extends  even  towards  the  Rio  Atrato 
and  the  Isthmus  of  Panama.  It  rises  to  a  great 
height,  not  on  the  intermediary  or  central  branch 
of  the  Cordillera  (Nevados  de  Tolima  and  de 
Quindiu),  but  on  the  eastern  branch  (Paramos  de 
Chingasa  and  de  Suma  Paz),  and  on  the  western 
(mountains  between  the  basin  of  the  Rio  Cauca 
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and  the  platiniferoua  formation  of  Choco).  I  traced 
this  sandstone  of  New  Grenada,  without  losing  sight 
of  it,  from  the  valley  of  Rio  Magdalena  (Honda, 
Melgar,  130 — 188  toises),  by  Fandi,  as  fer  as  the 
table-land  of  Santa  F6  de  Bogota  (1365  toises),  and 
even  above  the  lake  of  Guatavita,  and  the  chapel 
of  Our  Lady  of  Montserrate.  It  leans  on  the 
eastern  Cordillera  (that  which  separates  the  tribu- 
tary  streams  of  Rio  Magdalena  from  those  of  Meta 
and  the  Oroonoko),  at  more  than  1800  toises  of 
height  above  the  level  of  the  ocean.  I  dwell  on 
these  notions  of  minerdogicat  geography,  because 
they  furnish  new  proofs  of  the  enormous  thickness 
whicb  rocks  attain  in  the  equinoxial  regions  of 
America.  Several  secondary  formations  (sandstone 
with,  beds  of  coal,  gypsum  with  rock-salt,  limestone 
almost  without  petrifactions),  which,  in  the  table- 
land of  Santa  F6  de  Bogota,  we  should  be  tempted 
to  take  for  a  group  of  local  formations  filling  a 
basin,  descend  as  far  as  the  v^leys,  of  which  the 
level  is  7000  feet  lower  than  this  table-land.  In 
going  from  Honda  to  Santa  F6  de  Bogota,  the 
sandstone  is  interrupted  near  Villeta  by  transition 
clay-slate  j  but  the  position  of  the  salt^springs  of 
Pinceima  and  Pizara  near  Muzo  leads  me  to  think, 
that  on  that  side  also,  on  the  banks  of  the  Rio  Ne- 
gro (between  the  amphibolic  and  carburetted  slates 
of  Muzo  containing  -emeralds,  and  the  transition 
slates  with  copper  veins  of  Villeta),  the  coal-sand- 
stone  and  muriatiferous  gypsum  of  the  table-land 
of  Bogota  and  Zipaquira  are  connected  with  the 
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homonymous  formations  which  fill  the  basin  of 
Rio  Magdalena,  between  Honda  and  the  streight 
of  Carare. 

This  sandstone  of  New  Grenada  (where  I  was 
able  to  examine  it  between  4°  and  9°  of  north  lati- 
tude,) is  composed  of  alternate  beds  of  fine-grained 
quartzose  and  slaty  sandstone,  and  conglomerates 
that  contain  angular  fragments  (from  two  to  three 
inches  thick)  of  lydian  stone,  clay-slate,  gneiss,  and 
quartz  (Honda,  Espinal).  The  cement  is  argilla- 
ceous, ferruginous,  and  sometimes  siliceous.  The 
colours  of  the  rock  vary  from  yellowish-grey  to 
brownish-red :  the  latter  colour  is  owing  to  iron ; 
a  brown  ironstone  is  every  where  found,  veiy  com- 
pact, occurring  in  nests,  small  beds,  and  irregular 
veins.  The  sandstone  is  stratified  in  layers  more 
or  less  horizontal :  these  layers  are  sometimes  in- 
clined in  groups  always  in  the  same  manner.  Near 
Zambrano,  on  the  western  bank  of  Rio  Magdalena, 
south  of  Teneri^  the  rock  assumes  a  globular 
structure.  I  have  seen  balls  of  small-grained  sand- 
stone of  twoorthree  feet  in  diameter;  theyseparate 
into  twelve  or  fifteen  concentric  layers.  Lydian 
stone  of  the  finest  black,  rarely  traversed  by  veins 
of  quartz,  is  much  more  abundant  in  the  coarse 
conglomerates  than  fragments  of  primitive  rocks. 
Every  where  alaty  fine-grained  sandstone  occurs  in 
greater  masses  than  the  conglomerates  with  large 
fragments.  The  latter  disappear  almost  entirely 
on  the  heights  (above  800  to  1000  toises).  The 
sandstone  of  the  table-land  of  Bogota  and  that  which 
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is  observed  in  ascending  to  the  two  chapels  placed 
above  the  town  of  Santa  F6,  at  1650  to  168?  toises 
high,  are  uniformly  composed  of  small  quarteose 
grains.  Scarcely  any  longer  can  fragments  of 
lydian  stone  be  observed  j  the  grains  of  quartz  are 
so  close  together  that  the  rock  sometimes  assumes 
the  aspect  of  a  granular  quartz.  It  is  this  very 
quartzose  sandstone  that  forms  the  natural  bridge 
of  Icononzo.  These  arenaceous  rocks  no  where 
effervesce  with  acids.  Besides  brown  iron-stone, 
and  (what  is  more  extraordinary)  some  nodules  of 
veiy  pure  graphite,  this  formation  also  contains,  at 
every  height,  beds  of  a  brown  clay,  soft  to  the 
touch,  and  not  micaceous.  This  clay  (Gachansipa, 
Chaleche,  mountain  of  Suba,)  sometimes  becomes 
strongly  carburetted,  and  passes  to  bituminous  slate. 
The  aperient  salt  of  Honda  (sulphate  of  magnesia), 
so  celebrated  in  those  countries,  appears  as  an  efflo* 
rescence  on  those  argillaceous  beds  (Mesa  de  Pala- 
cios  near  Honda).  The  sandstone  no  where  dis- 
plays varied  colours  disposed  in  zones,  nor  those 
insulated  masses  of  clay  of  a  lenticular  form  which 
characterise  the  variegated  sandstone  (bunte  sand- 
stein),  that  is,  the  sandstone  that  covers  alpine  lime- 
stone, or  zechstein.  I  saw  the  formation  of  sandstone 
we  have  just  described,  reposing  immediately  on  a 
granite  with  tourmalines  (Penon  de  Rosa  at  the 
north  of  Banco,  valley  of  the  Magdalena  j  cascade 
of  la  Pefia  near  Mariquita),  on  gneiss  (Rio  Lumbi, 
near  the  abandoned  mines  of  St  Anne),  and  on 
transition  clay-slate  (between  Alto  de  Gascas  and 
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Alto  del  Roble,  north-west  of  Santa  Fe  de  Bogota). 
We  know  no  other  secondary  rock  below  the  sand- 
stone of  New  Grenada.  It  contains  caverns  (Fa- 
catattva,  Fandi),  and  affords  considerable  beds,  not 
of  lignite,  but  of  lamellar  and  compact  coal  mixed 
wilJi  jet  (pechkohle),  between  la  Palma  andGua- 
duas  (600  toises),  nearVelez  and  the  Villa  deLeiva, 
as  also  in  the  table-land  of  Bogota  (Chipo  near 
Canoas,  Suba ;  Cerro  de  los  Tunjos),  at  the  great 
height  of  1370  toises.  Remains  of  oi^nised  bodies 
of  the  animal  kingdom  are  extremely  rare  in  this 
sandstone.  I  only  once  fomid  trocfailites  (?)  almost 
microscopic  in  an  interposed  bed  of  clay  (Cerro 
del  Fortachuelo,  at  the  south  of  Icononzo).  These 
coals  of  Guaduas  and  Canoas  might  have  been  a 
more  recent  formation,  superposed  on  the  red  sand- 
stone, but  noUiing  appeared  to  me  to  prove  this 
superposition.  This  piciform  coal  (jayet,  pech- 
kohle) belongs,  no  doubt,  rather  to  the  lignites  of 
the  tertiary  sandstone  and  the  basalts ;  but  it  also 
certainly  forms  small  beds  in  the  slaty  coal  (schie- 
ferkohle),  of  the  porphyry  and  red  sandstone  form- 
ation. 

The  formations  which  cover  the  sandstone  of 
New  Grenada,  and  which  characterise  it,  I  bdiev^ 
more  particularly  as  the  red  sandstone  in  the  series 
of  secondary  rocks,  are  fetid  limestone  (confluence 
of  C^o  Morocoy  and  the  Rio  Magdalena),  and 
lamellar  gypsum  (basins  of  Rio  Cauca  near  C^ij 
and  of  Rio  Bogota  near  Santa  F^).  In  the  two 
basins  of  Cauca  and  Bogota,  of  which  the  height 
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differs  nearly  900  toises,  we  see  the  tliree  form- 
ations of  coal-sandstone,  gypsum,  and  compact 
limestone,  succeed  each  other  very  regularly  from 
below  upwards.  The  two  latter  seem  to  consti- 
tute but  oue  formation,  which  represents  alpine 
limestone  or  zechstein,  and  which,  though  gene- 
rally without  petrifactions,  contains  some  ammo- 
nites at  Tocayma  (valley  of  Rio  Magdalena). 
Gypsum  is  often  wanting,  but  at  the  great  ele- 
vation of  1400  toises  (Zipaquira,  Enemocon,  and 
Sesquiler)  it  is  muriatiferous,  furnishing  depcraites 
(salzthon)  of  rock-salt  mixed  with  clay,  which 
have  been  worked  for  ages  on  a  great  scale. 

IVom,  the  whole  of  the  observations  which  I 
have  just  stated  on  the  position  of  the  sandstone 
of  New  Grenada,  I  do  not  hesitate  to  regard  that 
rock,  which,  in  its  developement  is  5000  or  6000  feet 
thick,  and  which  will  .soon  be  agmn  examined  by 
two  teamed  traveUers,  MM.  Boussingault  and 
Rivero,  as  a  red  sandstone  (todtes  liegende),  and 
not  as  a  variegated  sandstone  (sandstones  of  Ne- 
bra).  I  am.  not  ignorant  that  frequent .  beds  of 
clay  and  brown  ironstone  belong  more  particularly 
to  the  variegated  sandstone  (gr^s  bigarr6),  and.  that 
the  oolites  are  also  often  wanting  in  this  sand- 
stone. I  know  also,  tliat  in  Europe  the  variegated 
flandstone  (placed  above  zechstein)  presents  some 
traces,  of  coal,  small. beds  of  very  quartzose  sand- 
stone, (granular  quartz),  and  rock-salt,  and.  that 
this  latter  substance  belongs  to  it  even  exclusively 
in  England.     All  these  analogies  would  appear  to 
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me  highly  important,  if  -beds  '  of  coarse  conglo- 
merate alternating  (in  low  regions)  with  beds  of 
small-gruned  sandstone,  if  angular  fragments  of 
lydian  stone,  and  even  of  gneiss  and  mica-slate 
imbedded  in  coarse  conglomerates,  did  not  cha- 
racterise the  sandstone  of  New  Grenada  as  pa- 
rallel to  the  red  sandstone  .or  coal-sandstone ; 
that  is,  as  being  parallel  to  that  which  immedi- 
ately supports  alpine  limestone  (zechstein)  con- 
taining gypsum  and  rock-salt.  When  the  varie- 
gated sandstone  (north  of  England  andWimmelburg 
in  Saxony)  sometimes  exhibits  fragments  of  gra- 
nite and  syenite,,  these  fragments  are  rounded, 
and  simply  enveloped  with  clay;  they  do  not  form 
a  compact  and  tenaceous  conglomerate  with  an- 
gular fragments,  like  the  red  sandstone.  The  lat- 
ter rock  abounds  in  Mansfeld  as  well  as  in  New 
Grenada,  in  interposed  masses  of  clay  (Cresfelf^ 
Eisleben,  Rothenberg),  and  in  small  beds  of  brown 
and  red  iron-ore  (BurgSmer,  Hettstedt).  The 
^obular  structure  of  the  sandstone  of  the  Rio 
Magdalena  is  found  also  in  the  coal-sandstone  of 
Hungary  (Klausenburg),  in  the  whitish  conglo- 
merate  of  Saxony  (weiss^liegendes  de  Helbra), 
which  connects  the  coal-sandstone  with  zechstein, 
and  according  to  the  observations  which  I  made 
with  M.  Freiesleben,  in  1795,  even  near  Laustmne, 
in  the  molasse  of  Argovia  (tertiary  sandstone  and 
lignite).  It  is  the  whole  of  these  relations  of  po- 
sition that  determines  the  age  of  a  formation,  and 
not  its  composition  and  structure  only ;  geognosts 
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who  have  become  acquainted  with  the  diflerent 
formations  of  sandstone,  not  from  cabinet  speci- 
mens,  but  irom  frequent  excursions  in  the  moun- 
tains, are  well  aware  that  if  (by  the  suppression  of 
alpine  limestone,  muschelkalk,  limestone  of  Jura, 
and  chalk)  the  red  sandstone,  the  variegated  sand- 
stone mixed  with  clay,  quadersandstein  which 
is  not  always  white  and  quartz(»e,  and  molasse 
alternating  with  coarse  pudding-stone  (nagelfluhe), 
were  immediately  superposed  on  each  other,  it 
would  be  difficult  to  decide  on  the  limits  of  these 
four  arenaceous  formations,  of  an  age  so  different. 
The  red  sandstone  of  New  Grenada  appears  to 
dip,  in  the  northern  part  of  the  basin  of  Rio  Mag- 
dalena  (between  Mahates,  Turbaco,  and  the  coast 
of  the  sea  of  the  Antilles),  beneath  a  tertiaiy  lime- 
stone filled  with  madrepores  and  marine  shells, 
and  constituting,  near  the  port  of  Cfuthagena,  the 
Cerro  de  la  Popa.  But  when  we  rise  to  the  height 
of  1400  toises,  the  formation  of  limestone  and 
gypsum  supported  by  the  red  sandstone,  is  covered 
(Campo  de  Gigantes,  at  the  west  of  Suacha  in  the 
basin  of  Bogota)  by  alluvial  deposites,  in  which  I 
found  enormous  bones  of  the  mastodon.  From 
the  too  general  tendency,  perhaps,  of  the  modem 
geognost,  to  extend  the  domain  of  intermediary 
and  tertiary  formations,  at  the  expense  of  the  se- 
condary formations,  we  might  be  tempted  to  re- 
gard the  sandstone  of  Honda,  the  gypsum  with 
rock-salt  of  Zipaquira,  and  the  limestone  of  To- 
cayma  and  Bogota,  as  formations  posterior  to  the 
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chalk.  According  to  this  hypothesis,  the  coal  of 
Guaduas  and  Canoas  would  become  lignites,  and 
the  rock-salt  of  Zipaquira,  Enemocon,  SesquUer, 
and  Chamesa,  entirely  without  vegetable  remains, 
would  be  a  formation  parallel  to  the  saliferous  de- 
positea  (with  lignite)  of  Galicia  and  Hungary, 
which,  in  the  opinion  of  M.  Beudant,  belong  to 
the  tertiary  rocks.  But  the  aspect  of  the  country, 
the  almost  total  of  want  of  organised  fossils,  ob- 
served as  far  as  10,000  feet  of  perpendicular  height, 
the  magnitude  of  the  arenaceous  and  limestone 
beds  uniformly  extended,  having  no  siliceous  no- 
dules, iuid  iniilti'ations  very  compact,  and  no  where 
mixed  with  sand  and  other  incoherent  matter,  is 
opposed  to  those  ideas,  I  had  almost  said  to  those 
encroachments  of  tertiary  formations  on  secondary 
formations.  The  whole  of  the  phenomena  I  have 
stated,  leads  me  to  believe  that  the  sandstone  of 
New  Grenada,  containing  fragments  of  lydian 
stone  and  primitive  rocks,  is  the  true  red  sand- 
stone of  the  ancient  continent.  We  do  not  know 
whether  this  sandstone,  which  I  saw  at  I7OO  tdses 
of  height  at  the  western  declivity  of  the  Cordillera 
of  Chingasa  (a  Cordillera  that  separates  the  town 
of  Santa  F6  de  Bogota  from  the  plmns  of  Meta), 
reaches  the  summit  of  that  great  chain  of  mounr 
tains,  in  stretching  towards  the  plains  of  Casanare.. 
It-may  be  conjectured ;  for  the  deposites  of  rock- 
salt,  and  the  springs  of  muriate  of  soda,  succeed  each 
other  in  traversing  the  eastern  Cordillera  of  New 
Grenada,  from  Finceima  as  far  as  Llanos  du  Meta 
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(by  Zipaquira,  Eneraocon  Tausa,  Sesquiler,  Ga- 
chita,  Medina,  Chita,  Chamesa,  and  £1~  Receptor), 
fi-om  south-west  to  north-east,  in  the  same  direction, 
on  a  distance  of  more  than  fifty  leagues.  In  every 
r^on  of  the  globe  this  disposition  of  salt-springs 
by  bands  (or  fissures  ?)  more  of  leas  prolonged  is 
observed.  When  you  advance  towards  the  Oroo- 
noko  fi-om  the  saliferous  plains  of  Casanare,  the 
secondary  formations  disappear  by  degrees,  and 
in  the  Sierra  Parime,  granite-gneiss  every  where  is 
seen.  On  the  banks  of  the  Oroonoko  only,  near 
the  great  cataracts  of  Atures  uid  Maypures,  small 
fragments  of  ancient  conglomerate  superposed  on 
primitive  rocks  are  found.  This  conglomerate 
contains  gnuns  of  quartz  and  (Isla  del  Guachaco) 
even  fragments  of  feldspar  united  by  a  cement 
which  is  olive-brown,  argillaceous,  and  very  com- 
pact. This  cement,  where  it  is  abundant,  exhibits 
a  conchoidal  fracture,  and  passes  to  jasper.  This 
arenaceous  rock,  which,  I  believe,  belongs  to  the 
red  sandstone  of  the  steppes  of  Venezuela,  contains 
some  very  flat  masses  of  brown  iron  ore,  and  re- 
minds us  of  those  sandstones  which  in  Upper  Egypt 
and  Nubia,  repose  also  immediately  on  the  gneiss- 
granite,  gneiss  of  the  cataracts  of  the  Nile. 

4°.  Table-land  qf  Quito.  In  the  ancient  hemi- 
sphere, the  Cordilleras  of  Quito  exhibit  the  most 
extenfdve  formaticHi  of  red  sandstone  which  I 
have  hitherto  observed.  That  rock,  from  1300  to 
1500  toises  high  above  the  level  of  the  sea,  covers, 
on  a  length  of  twenty-five  leagues,  the  whole  table- 
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land  0$  Tarqui  and  Cuen^a ;  which  is  become  cele- 
brated by  the  operations  of  the  French  astronomers. 
It  rises  in  the  Paramo  de  Saar  as  fer  as  1900  toises, 
and  the  thickness  of  the  whole  mass  exceeds  800 
toises.  It  reposes  at  the  north  (C^ar,  southern  de- 
clivity of  Assuay)  and  south  (Alto  de  Pnlla  near 
Loia)  on  micaceous  primitive  slate.  The  formation 
of  red  sandstone,  in  the  province  of  Quito,  is- co- 
loured by  brown  and  yellow  iron  ore,  of  which  it 
cont^s  numerous  veins.  The  sandstone- is  gene- 
rally very  argillaceous,  with  small  grains  of  quartz 
a  little  rounded ;  but  it  is  also  sometimes  slaty,  and 
alternates,  as  in  Thuringia,  with  a  conglomerate 
that  contains  fragments  of  porphyry,  of  three,  five, 
and  even  nine  inches  in  diameter.  We  find  in  this 
formation,  beds  of  day,  sometimes  brown  (Tamho 
de  Burgay  and  banks  of  Vinayacu),  sometimes 
white  and  steatitic,  passing  to  the  clay  porphyries 
(thonstein)  of  the  red  sandstone  (Rio  Ududtapa 
and  Cerro  de  Coxitambo),  and  covered,  in  contact 
with  the  atmospheric  air,  with  nitrate  of  potass 
(Cumbe) ;  trunks  of  the  petrified  wood  of  mono- 
cotyledons (ravine  of  Silcayacu,  where  I  saw  pieces 
four  feet  long  and  fourteen  inches  thick) ;  mineral 
pitch,  both  fluid  and  hardened  into  asphaltum> 
with  a  conchoidal  fracture  (Parcheand  Coxitambo) ; 
flint  (splittriger  homstein)  passing  to  silex  j^ro- 
maque  or  agathe  (Delay) ;  veins  of  sulphuret  a( 
mercury  (Cerros  de  Guazun,  and  Upar  north-east  of 
the  village  of  Azogues) ;  beds  of  pulverulent  black 
tixid  of  manganese  (at  the  west  of  the  town  of 
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Cuen^a);  granular  and  lamefflar  limestone  (Portete, 
at  the  western  bank  of  Llano  de  Tarqui).  This 
limestone  formation,  called,  very  improperly,  iti 
that  country,  riband-jasper,  exhibits  alternate  beds 
of  opake  and  saccharoi'd  limestone,  similar  to  the 
marble  of  Carara,  and  of  fibrous  and  undulated 
limestone,  with  milky  streaks.  The  whole  inass  is 
diaphanous  like  the  finest  eastern  alabaster  (mem- 
phitic  or  phengite  marble  of  the  ancients).  I  sbould 
hive  been  tempted  to  take  this  rock  of  Tarqui, 
Which  is  sought  after  by  sculptors,  like  the  alabas- 
ter of  Florence  and  the  marble  of  Tolonta  (be- 
tween Chillo  and  Quito),  for  a  variety  of  travertino 
or  fresh-water  forination,  if  it  had  not  appeared  to 
me  at  the  south  of  Cuen5a,  on  the  bank  of  the  Rio 
Machangara  (according  to  the  incliiiation  of  the 
beds),  to  be  interposed  to  the  red  sandstone  which 
I  have  just  described.  We  must,  however,  distin- 
giiish  this  translucid  and  striped  marble  of  Tarqui 
from  the  granular  and  opake  limestone  of  Cebollar, 
Which  appears  a  little  north  of  Cuen^a,  and  which, 
covered  by  red  sandstone,  is  probably  (§  10.)  super- 
posed on  the  mica-slate  of  CaHar.  In  the  volca- 
hic  parts  of  the  Andes,  the  table-lands  or  elevated 
basins  are  filled,  some  with  secondary  formations, 
covering  transition  porphyries ;  others  with  tertiary 
and  fresh-water  formations,  superposed  on  trachy- 
tic  tufas.  When  well-informed  geognosts  shall  be 
resident  in  the  great  towns  placed  at  the  back  of 
the  Cordilleras,  towns  which  will  become  the 
centre  of  American  civilisation,  they  will  be  en- 
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abled  to  decide  with  certainty  on  those  insulated 
portkins  of  limestone,  gypsum,  and  arenaceous 
rocks,  that  are  found  at  a  height  of  between  1200 
and  1600  toises. 

5°.  Pent,  The  formation  of  red  sandstone  of 
Cuen^a,  which  is  covered  on  several  points  with 
beds  of  lamellar  gypsum  (Muney,  Juncay,  and 
Chalcay,  at  the  west  of  Nabon),  is  found  repeated 
in  Upper  Peru,  at  the  height  of  1460  toises,  in  the 
great  table-land  of  Caxamarca.  The  sandstone  of 
Caxamarca  is  also  argillaceous,  without  shells,  and 
filled  with  brown  iron  ore.  It  appeared  to  me  to 
be  supported  by  porphyries  of  a  tracbytic  aspect 
(Cerros  de  Aroma  and  Cundurcaga).  It  supports 
the  alpine  hmestone  of  Montan  and  Micuipampa, 
celebrated  for  its  metallic  ridies.  The  thermal  hy- 
drosulphurous  waters  that  issue  ^m  the  sandstone 
of  Cuen^a  (south  lat  2°  S3'),  and  of  Tollacpoma 
near  Caxamarca  (south  laL  7°  8'),  have  almost  the 
same  temperature,  72°  and  69°  cent 

Tlie  analogy  observed  between  the  red  sandstone 
of  New  Grenada,  Peru,  and  Quito,  and  the  red 
sandstone  of  the  country  where  Fuchsel  (^Historia 
terrce  el  marts  ex  historia  Thuringus  eruta)  gave 
the  first  description  of  the  gi'eat  coal  formation, 
must  strike  experienced  geognosts.  I  shall  not 
dwell  on  the  phenomena  so  well  known,  of  the 
alternation  of  coarse  conglomerates,  and  &ne- 
grfuned  sandstones ;  nor  on  the  absence  of  frag- 
ments of  limestone,  of  which  we  find  only  one  very 
rare  example  in  the  pudding-stones  of  the  red  sand- 
atone  in  the  Pyrenees  (valleyof  Barillos);  nor  of 
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the  interposed  beds  of  coal,  clay,  brown  iron  ore, 
and  limestone  :  I  shall  confine  myself  to  the  (^nerv- 
ation, that  the  red  sandstone  of  Germany  contains 
mercury  (Morsfeld  and  Moschellandsberg  in  the 
duchy  of  Deux-ponts,  as  at  Dombrava  in  Hun< ' 
gary) ;  the  petrified  wood  of  monocotyledon  plants 
(Siebigkerode,  Kelbra,  and  Rothenburg,  in  Thu- 
ringia);  agates,  chert  and  common  flint  (homstein 
and  feuerstein)  passing  to  calcedony  (Kiifhauer, 
Wiederstadt,  Goldlauter,  and  Grossreina,  in 
Saxony,  in  the  coarse  conglomerate  of  the  red 
sandstone ;  Oberkirchen  and  Tholey  in  the  duchy 
of  Deux-ponts ;  Netzberg  near  Ilefeld,  at  Hartz, 
in  the  mandelstein  of  the  red  sandstone) ;  and 
mineral  bitumen  (Naundorf  and  Gnolzig  in  the 
county  of  Mansfeld).  All  these  phenomena  occur 
also  in  the  part  of  equinoxial  America  through 
wliich  I  passed. 

6°.  Banks  qf  the  Amazon.  The  great  basin  of 
the  river  of  the  Amazons  exhibits,  at  least  in  the 
eastern  part,  the  same  phenomena  which  we  have 
pointed  out  in  giving  the  geognostic  description  of 
tlie  Llanos  of  Venezuela,  and  the  basin  of  the 
Oroonoka  In  descending  from  the  summit  of  the 
granitic  Andes  of  Loxa  by  Guancabamba  to  the 
banks  of  Chamaya,  we  find  a  sandstone  with  an  ar- 
gillaceous cement,  superposed  on  the  transition 
porphyries  of  Sonanga,  and  covered  (between  Son- 
anga  and  Guanca)  with  a  limestone  containing 
gypsum  and  rock-salt  The  sandstone  of  Cliamaya 
fills  the  plains  of  Jaen  de  Bracamoros,  at  190  to 
u  3 
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aeo  toises  of  height  above  the  level  of  the  ocem. 
It  forms  hills  with  abrupt  declivities,  resembling 
fortifications  in  ruias.  We  there  distinguish  bec^ 
with  small  rounded  grains  of  quartz,  and  coarse 
conglomerates  composed  of  pebbles  of  porphyry 
lydian  stone  and  quartz,  of  two  or  three, inches  in 
diameter.  The  coarse  conglomerates  are  somewhat 
rare ;  they  form,  however,  the  poTigo  of  Rentema, 
and  other  rocky  dykes  that  cross  the  Upper  Ma, 
ragnoD,  and  impede  the  navigation  of  the  river.  I 
could  never  discover  among  the  imbedded  frag, 
ments  in  the  sandstone  of  Chsmaya  any  one  of  a 
limestone  rock.  This  circumstance,  together  with 
,the  presence  of  lydian  stone  mixed  through  the 
mass,  the  alternation  of  grey  iine-grained  sandstone 
and  coarse  conglomerates,  every  where  so  rare  in 
the  variegated  sandstone  (Schochwitz  in  Sajony); 
finally,  the  superposition  of  zechstein  and  gypsum 
with  rock-salt  to  the  sandstone  of  the  Amazon,  lead 
me  to  admit  the  identity  of  that  formation  and  those 
of  Cuen^  and  Cazamarca,  notwithstanding  the 
difference  of  more  than  1000  toises  of  absolute 
height  We  have  already  seen  in  New  Grenada, 
coal  sandstone  descend  from  the  great  table-land  of 
Bogota  to  the  pWns  of  the  Rio  Magdalena.  One 
very  remarkable  peculiarity,  and  which  seems  at 
first  b>  separate  the  sandstone  of  the  Amazon  and 
the  Chamnya  from  that  of  Europe,  is  the  intercala- 
tion of  some  beds  of  sand  in  parts  altogether  disinte. 
grated.  I  saw  between  Chamaya  and  Tomependa, 
layers  of  quartzose  sandstone,  three  or  four  feet 
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thick,  alternating  with  beds  of  siliceous  sand  from 
seven  to  eight  feet.  The  parallelism  of  these  beds, 
which  are  not  much  inclined,  extends  to  great  dis- 
tances. I  am  aware  that  the  mixture  of  sand  and 
solid  sandstone  characterises  more  particularly  the 
variegated  sandstone  j  that  which  covers  zechstein 
■  ^  Wimmelburg  and  Cpesfeld  in  Saxony),  and  die  ter- 
tiary sandstone  above  the  gypsum  with  bones  (Fon- 
tainebleau  near  Paris) ;  but  MM.  Voigt  and  Jordan 
found  also  layers  of  sand  (triehsand)  in  the  red  or 
coal  sandstone  (Rdhrig  near  Bieber,  and  Kupfer- 
berg  near  Walkenried).  We  might  believe  that 
tlie  analogy  we  have  just  remarked  between  the 
marine  sandstone  and  sand  of  the  tertiary  form- 
ation, is  strengthened  to  a  certain  degree  by  the 
frequency  of  petrified  echini  which  we  saw  scattered 
on  the  surfacie  of  the  soil  on  the  beach  of  the  Ama- 
zon, at  VJ5  toises,  and  near  Micuipampa,  at 
more  than  1800  toises  high ;  but  it  may  happen, 
that  in  regions  hitherto  so  little  examined,  very 
new  limestone  formations  repose  on  zechstein, 
and  nothing  seems  to  denote  that  the  sandstone  of 
Chamaya,  alternating  at  the  same  time  with  beds  of 
sand,  and  conglomerates  with  fragments  of  por- 
phyry and  lydian  stone,  is  a  tertiaiy  sandsttme 
similar  to  that  of  the  Parisian  formations. 

I  ought,  perhaps,  to  place  the  zechstein  or  alpine 
limestone  immediately  after  the  coal-sandstone,  be- 
cause those  two  rocks  sometimes  constitute  but  one 
fiMmation;  but  I  prefer  describing  first  the  quartz 
formation  Of  Guangamarca  (flozquartz),  as  being 
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pamllel  to  the  coal  sandstone.     It  is  a  geognosth 
equivaleni,  peculiar  to  the  southern  hemisphere. 


8ECONDARY    Q,UABTZ-ROCK. 

§.  27.  This  remarkable  formation,  entirely  un- 
known to  the  geognosts  of  Europe,  predominates 
in  the  Andes  of  Peru,  between  the  7°  wid  8"  of 
southern  latitude.  I  have  seen  it  reponng  indif- 
ferently on  transition  porphyries  (at  the  eastern 
dedivity  of  the  Cordillera,  Cerro  of  N.S.  del  Car- 
men, near  San  Fehpe,  982  toises ;  Paramo  de  Yana- 
guanga  between  Micuipampa'and  Caxamarca,  1900 
tmses  i  at  the  western  declivity  of  the  Cordilleras, 
Namas  and  Magdalena,  690  toises);  and  on  primi- 
tive granite  (Chala,  near  the  coast  of  the  Pacific 
Ocean,  212  toises).  This  superposition  on  rocks 
of  a  very  different  age  proves  the  independence  oT 
the  formation  which  we  describe.  It  is  much  less 
developed  at  the  eastern  than  at  the  western  decli- 
vity of  the  Andes.  At  the  latter  it  attains  a 
thickness  of  several  thousand  feet,  reckoning  per- 
pendicularly to  the  planes  of  stratification  j  it  there 
replaces  the  red  sandstone,  supporting  immediat^y 
(Indian  villages  of  la  Magdalena  and  Contumaza) 
zechstein  or  alpine  limestone.  It  is  either  the 
latest  of  tlie  transition  formations,  or  the  most  an- 
cient of  the  secondary  formations  ;  it  is  a  real  com- 
pact or  granular  quiutz,  not  porous  or  cellular, 
most  frequently  greyish-white,  or  yellowish  and 
Opaque,  and  not  mixed  either  with  t^c  or  mica. 
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This  foimatioDis  sometimes  compact  and  with  a  scaty 
fracture,  like  quartz  in  beds  (lagerquEulz  of  primitive 
gneisa-granite);  sometimes  with  very  fine  gndns, 
similar  to  that  of  the  quartz  of  the  transition  lime- 
stone of  the  Tarantaiae.  It  is  consequently  neither 
an  arenaceous  rock,  nor  a  variety  of  the  quartzose 
sandstone  with  a  -siliciferous  cement,  in  which  the 
cement  disappears  by  degrees,  and  which  belongs 
both  to  the  variegated  sandstone  (Detmold),  qua- 
dersandstein,  green  sandstone,  plastic  clay  (trapp- 
sandstein),  and  to  the  sandstone  of  the  tertiary 
fbrm.ation  (forest  of  Fontainebleau).  The  deep 
ravines  that  furrow  the  declivity  of  the  Cordilleras, 
and  the  immense  number  of  blocks  torn  irom  their 
natural  position,  facilitate  the  observation  of  this 
formation  of  quartz,  which  is  very  homogeneous, 
destitute  of  shells,  and  also  of  subordinate  beds.  I 
examined  it  for  several  days,  expecting  to  find,  in  a 
rock  covered  by  zechstein  and  replacing  the  red 
sandstone,  some  traces  of  a  cement,  of  grains  or 
agglutinated  fragments :  my  researches  were  fruit- 
less ;  I  could  no  where  convince  myself  that  this 
compact  or  granular  quartz  was  an  arenaceous  or 
fragmentary  rock.  It  is  sometimes  very  regularly 
separated  into  beds  of  eight  inches  to  two  feet 
thick,  directed  (Aroma,  Magdalena,  and  Cascas) 
N.  53",  68°  W.,  and  inclined  from  70°  to  80°  S.E. 
At  the  eastern  declivity  of  the  Andes,  on  the  banks 
of  the  Chamaya,  a  bed  of  quartz,  similar  to  that 
which  I  have  just  described,  appears  interposed  in 
a  formation   of  greyish-blue  compact  limestone. 
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This  limestone  is  not  a  transition  rock  (as  might  be 
thought  from  the  position'  of  the  compact  quartz  of 
Fesay  and  Tines  in  the  Tarantaise,  §  20.) ;  die  num- 
ber and  nature  of  its  ^ells,  on  the  contrary,  as  well 
as  the  sinuosity  of  its  beds,  seem  to  bring  it  nearer 
to  thezechsteitt  or  the  alpine  limestone.  It  is  not 
extraordinary  to  see  a  siliceous  rock  which  supports 
limestone  penetrate  into  it,  «nd  there  form  an  in- 
terposed bed.  This  circumstance  also  occurs,  hut 
in  veins  (Cerro  de  N.  S.  del  Cannen  near  San 
Felipe),  in  the  formation  on  which  quartz  rock 
reposes.  The  alpine  limestone-  of  San  Felipe 
covers  this  rock,  which  is  placed  on  green  trans- 
ition porphyry  traversed  by  veins  of  quartz  three 
feet  thick. 

It  may  be  useful  at  the  end  of  this  article  to  ob- 
serve, that  we  must  not  confound  nine  formations 
of  quartz  and  quartzose  sandstone  of  primitive,  in- 
termediary, secondary,  and  tertiary  formation,  of 
which  the  second  and  fourth  only  are  independent, 
while  the  others  form  but  subordinate  beds :  1°, 
quartz  (lager-quartz)  belonging  to  granite-gneiss 
mica-slate,  and  primitive  clay-slate ;  3°,  chloritous, 
or  talcose  quartz  of  Minas  Geraes,  of  ^Brazil  and 
Tiocaxas,  in  the  Andes  of  Quito ;  an  independent 
primitive  formation,  succeeding  to  clay-slate  (§  16.), 
or  replacing  it  as  in  Norway ;  3°,  compact  transition 
quartz,  described  by  MM.  Brochant,  Huissmann. 
and  Leopold  de  Buch,  and  subordinate  (§  20.)  to 
the  limestone,  and  sl^ty  rocks  of  the  Tarantaise, 
Kemi-Elf  in  Sweden,  and  Skeen  in  Norway  (  %  23.) ; 
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4°,  secondary  quartz- (S  27.)  parallel  to  the  red 
sandstone,  and  {penetrating  into  the  a^ine  limestone 
of  the  Andes  of  Contun^aza  and  Huancavehca. 
We  may  join  to  these  formations  of  quartz,  masses 
entirely  quartzose ;  5%  of  the  variegated  sandstone ; 
6°,  of  the  quadersandstien ;  Tt  the  green  sandstone, 
or  secondary  sandstone  with  lignite,  placed  be- 
tween the  Jura  limestone,  and  the  chalk ;  8%  the 
sandstone  belonging  to  tertiary  sandstone,  with  lig- 
nite (plastic  clay)  above  the  chalk ;  9°,  the  sand- 
stone of  Fontainebleau.  A  rock  is  determined 
with  more  certainty,  when  we  have  before  us  the 
table  of  formations  which  are  analogous  in  their 
composition,  but  very  di&rent  in  their  portion. 

n.    ZECHSTEIN    OR   ALPINE    LIMESTONE  (mAGNESIAN 
limestone)  J    HYDRATED  GYPSUM  J    EOCK-SALT. 

§  28.  The  word  zechstein  is  usually  applied  by  the 
miners  and  geognosts  of  Germany  to  a  part  of  the 
formation  which  we  are  about  to  describe ;  they 
distinguish  compact  limestone  (zechstein)  from  the 
copper-slate  which  it  immediately  covers,  and  the 
superposed  gypsum  and  fetid  limestone.  I  call 
by  the  term  zechstein  the  entire  group,  of  which 
that  rock  is  the  geognostic  representative.  It  is  a 
great  limestone  formation,  that  immediately  suc- 
ceeds to  the  red  sandstone,  or  coal-sandstone,  and 
with  which  it  is  sometimes  so  closely  connected, 
that  they  are  found  interstratified.  The  upper 
limit  of  the  zechstein  is  more  difficult  to  fix ;  in 
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Germany,  and  in  several  parts  of  the  east  of  France, 
this  rock  terminates  where  the  variegated  sand- 
stone, or  the  sandstone  of  the  oolites  begins  (bunte 
sandstein).  In  England,  magnesian  limestone, 
representing  zechstein  by  its  position,  is  covered 
with  a  marly  'and  muriatiferous  formation  (red 
marl),  which  exhibits  a  great  analogy  with  the  va- 
ri^;ated  sandstone  of  Germany,  for  in  the  latter 
we  And  more  beds  of  clay,  ^id  marl  of  true  sand- 
stone.  As,  on  the  other  hand,  the  rock-salt  of 
England  belongs  to  the  red  miu-l,  while  the  rock- 
salt  of  the  greater  part  of  the  continent  belongs  to 
the  zechstein,  we  may  admit  that,  of  the  two  form- 
ations, which  are  nearly  parallel,  of  red  marl  and 
variegated  sandstone,  containing  marl,  clays,  and 
oolites,  the  first  is  more  closely  connected  with  the 
zechstein,  and  the  latter  with  the  muschelkalk, 
and,  when  this  and  quadersandstein  are  not  deve- 
loped, with  the  marly  and  oolitic  limestone  of  Jura. 
It  is  perhaps  from  similar  inductions,  that  Mr. 
Buckland,  in  his  excellent  table  of  the  formations 
of  England,  published  in  1816,  united  the  magnesian 
limestone  and  the  red  marl  or  new  red  sandstone, 
into  the  same  formation.  However  great  may  be  the 
importance  which  we  attach  to  geognostic  affinities, 
as  well  as  to  the  phenomena  of  alternation  and 
penetration,  observed  in  rocks  immediately  sue 
ceeding  each  other,  we  do  not  think  ourselves  less 
authorisedin  separating  the  various  formations  of  the 
red  sandstone,  zeclistein,  and  variegated  sandstone, 
where  we  haye  seen  them  take  an  extraordinary 
developement  ih  the  two  hemispheres. 
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In  the  course  of  this  essay,  I  have  often,  after 
the  example  of  many  celebrated  geognosts,  made 
use  of  the  more  agreeable  term  of  alpine  limestone 
to  designate  zechstein ;  although  I  am  well  aware 
that,  according  to  the  excellent  observations  of 
MM.  de  Buch  and  Escher,  the  greater  part  of  the 
limestones  that  constitute  the  high  Alps  of  Switzer- 
land are  transition  limestones  (§  32.).  At  a  period 
when  geognosy  has  been  so  much  obscured  from 
the  creation  of  vague  denominations,  which  are 
adopted  only  by  a  small  number  of  mineralogists,  I 
determined  to  change  nothing  in  the  received  no- 
menclature, however  vicious  or  barbarous  it  might 
appear.  The  imperfections  of  the  language  of 
geognosts  are  only  dangerous  to  science  when  the 
position  of  every  formation,  and  the  limits  witliin 
which  those  formations  are  found  circumscribed, 
are  not  defined  with  sufficient  clearness.  In  South 
Bavaria,  in  the  Tyrol,  Styria,  and  the  country  of 
Salzbourg,  the  high  Alps  of  Benedictbaiern, 
Chiems^,  Hall,  Ischel,  Gmiinden,  and  Unters- 
berg,  are  very  probably  of  zechstein.  That  rock, 
at  Montperdu  iu  the  chain  of  the  Pyrenees,  mixed 
with  fetid  limestone,  rises  to  a  height  of  more  than 
1750  toises.  Zechstein,  in  the  Andes  of  Peru,  very 
distinct  from  transition  limestoue,  contains  petrified  ■ 
shells  on  the  ridge  of  the  mountains  between 
Guambos  and  Montan,  and  near  Micuipampa  (1400 
— 2000  toises)  ;  and  between  Yauricocha  and  Pas- 
co (2100  toises) ;  near  Huancaveiica,  Acoria,  and 
Acobamba  (2100 — 2207  toises).     We  see  by  these 
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ex^fdea,  that  zecfasteiu  attains  a  voy  great  eleva- 
tion, north  and  south  of  the  equator.  It  is  cer- 
tainly found  in  the  alpine  region  of  the  Pyrenees, 
the  Tyrol,  and  the  Andes }  but  the  term  alpine 
limestone  does  not  indicate  that  all  the  limestone 
alps  in  both  hemispheres  are  composed  o(  zedi- 
stein,  any  more  than  the  word  coal-sandstone  de- 
notes that  coal  belongs  solely  to  the  red  sandstone. 
The  question,  ^diich  of  the  alpine  summits  of 
Switzerland  and  the  Tyrol  are  of  zechstein^  and 
what  summits  are  of  transition  limestone,  is  rather 
a  question  of  mineralogical  geography  thsnr  a  pn> 
blem  of  general  geognosy.  The  science  ■  of  j'&rm- 
tUicms  is  confined  to  the~  description  of  a'  Tock 
placed  in  the  series  of  secondary  fonn^ons,  be- 
tween coal-aandstone  and  the  variegated  sandstone 
idtemating  with  clay  j  it  does  not  decide  on  the 
great  number  of  rocks,  the  position  of  which  dis- 
.  plays  no  certain  diagnostic  character;  for  instance, 
on  limestone  rocks  not  covered,  and  placed  imme- 
diately  on  mica-slate  or  grauwacke.  Wherever 
die  coal-sani^tone  is  wanting  we  cannot  judge  of 
the  age  of  the  limestone  rocks,  but  from  analt^es  of 
composition  and  interposed  beds ;  we  connect  them 
with  certain  groups,  as  the  botanist  places,  tempo- 
rarily, in  a  certain  well  known  genus,  a  plant  of 
which  he  has  not  yet  esamined  the  fruit  Those 
doubts^  far  from  proving  the  ilncert^ty  of  classi- 
fications U'e  rather  in  fevour  of  the  method  which 
should  be  pursued  in  posdtive  geognosy. 

Zechstein,  considered  in  its  most  g^ieral  point 
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of  view,  is  sometimes  (in  the  loftiest  mountains) 
a  simple  fbnnation,  and  sometimes  (in  the  plains) 
it  is  composed  of  several  small  partial  fonnations, 
which  ^temate  together  (Thuringia,  Pigeac^  Autun, 
ViKrfranche).  Its  colour,  which  is  most  frequently 
greyish  and  bliuBh,  is  sometimes  reddish;  it  passes, 
particularly  in  high  regions^  from  compact  to  line- 
grained  granular  limestone;  and  in  that  case  it  is 
traversed  by  small  veins  of  calc-spar.  These  cha- 
racters of  colour  and  fracture  are  not,  however,  of 
great  importance,  for,  according  as  the  colouring 
matter  (carburet  of  hydrogen  and  iron)  is  variously 
difiiised,  zechstein  and  transition  limestone  some- 
times have  the  same  colours;  the  former  becoming 
blackish,  and  the  latter  greyish-white.  Thus  the 
black  colour  is  found  (duchy  of  Anhalt-Dessau, 
HettBtadt,  Osnabrilck)  as  far  as  in  the  muschel- 
kalk.  M.  Freiesleben  has  well  observed  that  zech- 
stein is  not  generally  dull,  but  somewhat  brilliant 
(schimmernd)  on  account  of  the  intimate  mixture 
of  small  plates  of  calc-spar,  Tfaislustr^  much  less, 
no  doubt,  than  in  tiunsition  limestone,  is  remarked 
not  only  in  very  elevated  mountains,  but  even  in 
the  zechstein  of  the  plains.  There  also  this  rock 
becomes  sometimes  fine-grained  granular  (at  Des- 
ter  and  near  Hameln;  between  Bolkenhayn  and 
Waldenbourg,  and  near  Tamowiz  in  Silesia).  I 
found  the  same  tendency  to  a  crystalline  structure* 
in  the  zechstein  of  Mexico,  and  in  -  that  of  tile 
Llanos  of  Venezuela.  It  is  not  occasioned,  as  in 
the  Jura  limestone,   by  numerous  fragments  of 
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organic  remains,  and  it  would  b^  wrong  to  attribute 
this  tendency  exclusively  to  the  transition  limestone. 
Small  veins  of  white  calc-spar,  crossing  a  bluish 
limestone  passing  from  compact  to  granular,  ratlier 
characterise  the  transition  formation  than  the  zecli- 
stein  of  the  plains ;  but  in  both  continents  these 
small  veins  are  also  found  in  the  limestone  of  the 
lofty  calcareous  mountains,  which,  by  their  position 
and  their  interposed  beds  of  rock-salt  uid  bitumi- 
nous clay,  belong,  I  believe,  to  zechstein.  Besides, 
in  all  the  formations  above  the  red  sandstone  we 
observe  that  (probably  by  a  galvanic  action)  the 
darkish-grey  limestones  lose  their  colouring  prin- 
ciple in  the  vicinity  of  the  planes  of  stratification ; 
this  decoloration  takes  place  in  rocks  in  situ.  The 
accumulation  of  carbon  exists  only  in  the  centre 
of  the  beds,  and  it  would  seem  as  if  the  stone  had 
been  exposed  to  the  contact  of  light  and  the  oxigen 
of  the  atmosphere. 

Of  all  secondary  formations  the  zechstein  is  that 
of  which  the  various  strata  have  been  the  most 
minutely  studied ;  it  is  that  which  has  most  con- 
tributed to  give  rise,  in  the  north  of  Germany,  the 
classic  ground  of  geognosy,  to  the  first  precise 
ideas  on  the  relative  age  of  formations,  and  the 
regularity  with  which  they  succeed  each  other. 
The  bituminous  and  copper  slates  of  the  zechstein 
being  a  very  important  object  of  mining,  it  was 
necessary  to  pia*ce  through  five  formations,  mus- 
chelkalk,  fibrous  and  clay  gypsum,  vaiiegatcd  or 
oolitic  sandstone,  lamellar  and  saUferous  gypsum. 


jbyGoogIc 


and  zechstein,  to  reach  the  argentiferous  bed 
placed  between  the  zechstein  and  the  red  sandstone. 
We  may  assert  that  the  labours  of  miners  in  the 
bituminous  slates  of  Mansfeld  in  Germany,  and 
on  the  coal-measures  in  England,  have  assisted 
much  the  progress  of  the  geognosy  of  postHon, 
of  which  Stenon  has  the 'honour  of  having  first 
indi<;ated  the  true  principles. 

Zechstein,  or  alpine  limestone,  the  most  andent 
bfihe  secondary  formations,  contains,  as  subordinate 
beds,  slaty  carburetted  and  bituminous  clay,  coal, 
rock-salt,  gypsum,  fetid  limestone,  compact  or  disin- 
tegrated (asche)  magnesian  limestone,  limestone  with 
gryphites,  ferriferous  limestone  (eisenkalk),  cellu- 
lar limestone  with  crystalline  grains  (rauchwacke), 
sandstone,  calamine,  lead,  hydrated  iron  and 
mercury.  We  shall  add  to  these  indications  the 
substances  that  we  sometimes  found  disseminated 
in  zechstein,  without  forming  continuous  beds, 
such  as  sulphur,  flint  (homstein),  and  rock  crystal. 
In  the  whole  of  these  masses  three  series,  the  bitu- 
ihinous  or  carburetted,  muriatiferous,  and  metallic, 
are  easily  distinguished.  The  copper-slate  con- 
taining  petrified  fish,  fetid  limestone,  rock-sfdt, 
and  gypsum,  calamine  and  sulphuret  of  lead,  are 
the  most  important  ^es  of  these  three  series, 
and  serve,  in  a  certwn  degree,  by  their  geognostic 
concomitance,  to  identify  the  formation  which  we 
^e  describing,  where  the  relations  of  position  are 
doubtfiil. 
'  Schistose,  carburetted,  or  bituminous  clay  or  marl. 


c|;z..l!,G00glc 


306 

The  accumulation  of  carbon  which  characterises 
the  transition  formations,  particularly  the  latest, 
attains  its  maximum  in  the  red  sandstone;  the 
carbon  no  longer  appears  as  graphite  or  anthracite, 
but  as  bituminous  coal.  The  formation  of  alpine 
limestone,  so  intimately  connected  with  that  of  the 
red  sandstone,  or  coal-sandstone,  participates  to  a 
certain  point  in  this  abundance  of  hydrogenetted 
carbon;  sometimes  it  is  the  whole  mass  of  the  rock 
(south  of  Bavaria,  and  Merlingen  on  the  lake  of 
Thun;  in  South  America,  mountains  of  New  An- 
dalusia) which  is  penetrated  by  bituminous  parts ; 
sometimes  it  is  only  interposed  beds  of  clay  and 
marl  that  contain  bitumen.  The  most  celebrated  of 
these  beds  is  the  cc^per-slate  (kupfer-schiefer)  of 
Mansfeld,  which  in  the  new  world  contains  fossil 
fish  near  Ceara  (plains  of  Brazil),  near  Pasco  (at 
3000  toises  high ;  Andes  of  Peru),  near  Mondragon 
(table-land  of  Potosi),  and  near  Pongo  de  Lomasiacu 
(banks  of  the  Amazon,  province  of  Jaen).  There 
is  most  frequently  but  one  bed  of  copper-slate,  and 
that  bed  is  rather  placed  towards  the  lower  limit  of 
the  zechstein.  On  account  of  this  position  it  was 
long  taken  for  an  independent  formation  placed^ 
between  the  zechstein  and  the  red  sandstone.  At: 
oth»  times  (Conradswalde,  Prausnitz,  and  Hasel, 
in  Silesia)  several  beds  occur  which  alternate  with 
b^s  of  zechstein,  and  are  equally  worth  working. 
Argentiferous  copper  and  lead  are  found  only  ac- 
cidentally accumulated  in  this  partial  formation, 
atfcd  J  -saw  is  the  two  continents  .(Chiems^  and 
17 
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Wallers^e  in  the  south  of  Bavaria;  miiiM  of  Tehui- 
lotepec  in  Mexico,  mountain  of  Cuchivano  near 
Cumanacoa)  this  copper-marl  of  Mansfeld  repre- 
sented by  small  beds  of  schistose,  carburetted, 
darkish-brown  clay,  cont^ning  but  little  bitumen, 
and  abounding  in  pyrites.  This  phenomenon  appears 
to  connect  the  zechstein  of  the  plains  with  that  of 
the  high  mountains,  the  superposition  of  which  on 
the  coal-sandstone  is  less  evident.  In  the  Andes 
of  Montan  (1600  toisea  high  ;  the  north  of  Peru) 
black  clay  from  five  to  eighteen  inches  thick  al- 
ternates with  zechstein.  Slaty  and  marly  clay 
oscillates  from  zechstein  or  alpine  limestone,  on 
one  side  towards  the  red  s^uidstone  and  transition 
limestone,  and  on  the  other  towards  Jura  limestone. 
Argentiferous  copper-slate  is  found  again  in  the 
red  sandstone,  but  with  a  great  accumulation  of 
carbon  (Suhl  and  Goldlauter  in  Saxony).  In  the 
transition  limestone  (Schwatz  in  Tyrol)  the  clays 
become  more  micaceous,  and  pass  to  transition 
clay-slate  containing  (Glaris),  like  the  slates  of 
zechstein  (Eisleben),  and  like  those  of  the  red  sand- 
stone '(mine  of  S^nt  Jacques  near  Goldlauter^ 
petrified  fish.  The  marl  in  the  Jura  limestone  is 
more  calcareous,  of  a  lighter  colour,  beuig  whitish 
and  bluish  grey.  Notwithstanding  the  analogies 
which  the  slaty  and  highly  carburetted  clays  of 
the  zechstein  have  with  those  of  the  coal-sand- 
stMie,  it  is  only  in  the  latter,  which  immediately 
cover  the  coal,  that  we  find  the  impressions  of  the 
true  ferns  of  the  polypodiaceous  group.  Copper- 
X  3 
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slate  exhibits  only  lycopodiacea,  a  family  which 
Swartz  has  long  separated  from  fern. 

Coal.  We  have  just  stated,  that  a  great  accumu- 
lation of  carbon  particularly  characterises  the  form- 
ation of  red  sandstone,  but  bitumen  characterises  the 
formation  of  alpine  limestone  j  the  latter  however 
presents  traces  also  of  true  coal,  either  in  beds  (be- 
tweenNalzon  andPereilles  in  the  Pyrenees;  at  Hua- 
nuco  in  the  Andes  of  Peru,  at  2000  and  2200  toises 
high)  or  as  disseminated  parts  in  copper-slate  (Eisle- 
ben,  Thalitter  in  Saxony).  It  is  a  remarkable  feet, 
which  has  been  long  observed,  that  pidform  coal 
(jet)  appears  most  commonly  on  the  impressions  of 
the  bodies  of  petrified  fish  ;  it  replaces,  in  those  or- 
ganic impressions,  sulphuret  of  ii'on,  and  (between 
Mdrsfeld  and  Miinsterappel,  in  the  duchy  of  Deux- 
ponts)  native  mercury  and  cinnabar.  Beds  of  coal, 
mixed  with  marine  shells  and  amber  (Hering  and 
Miesbach  in  Tyrol;  Entrevemes  on  the  lake  of 
Annecy  in  Savoy)  are  not  found  in  the  zechstein ; 
but  only  lignites  that  belong  to  much  more  recent 
formations.  They  are  superposed  to  the  zechstein 
in  insulated  basins,  and,  like  all  local  fonnatk>98, 
have  their  sandstones  and  clays. 

Rock-salt  and  muriaiifirdus  day.  The  masse* 
of  Tock-salt  in  alpine  limestone  or  zechstein  are 
subordinate,  not  to  beds  of  lamellar  gypsum,  but 
to  a  particular  formation  of  clay,  which  was  long 
neglected  by  geognosts,  and  which  I  made  known 
by  the  name  of  salzthon  (muriatiferous  clay).  In 
both  continents  it  characterises  the  deposites  of 


jbyGoogIc 


309 

rock-salt,  as  schistose  day  (schieferthon)  or  claj/- 
with  impressions  of  fem  characterises  the  depo- 
sites  of  coal.  This ,  muriatiferous  formation,  in 
which  gypsum  may  be  said  to  be  found  only  acci-' 
dentally,  was  the  principal  object  of  my  researches' 
in  the  journeys  which  I  undertook  by  order  of  the 
Prussian  government,  during  the  years  179^  and 
1793,  in  the  mines  of  rock-salt  of  Switzerland,  the 
south  of  Germany,  and  Poland.  I  ag^n  found  it 
with  all  its  analogies  in  the  Cordilleras  of  equi- 
noxial  America,  and  it  cannot  be  doubted  that 
the  knowledge  of  its  aspect  is  an  olgect  of  the: 
greatest  interest  to  those  who  se^'ch  for  the  dis- 
covery of  deposites  of  salt  in  countries  where  it 
has  hitherto  been  supposed  wanting. 

The  colours  of  muriiatiferous  elay  are  generally 
(Hall,  Ischel,  Aussee)  smoke-grey,  aiid  whitish 
and  bluish-grey  (Berchtol^aden  and  Wieliczka)  ; 
sometimes  this  clay  is  darkish-brOwn,  reddish-, 
brown  (leberstein  of  the  miners  of  Tyrol  and' 
Styria),  and  even  brick-red.  It  Is  found  in  vast' 
masses,  or  disseminated  in  small  rhomboidal  por-< 
tions,  either  in  rock-salt(Zipaquira  inNewGrenadai),- 
or  in  gypsum  (Neustadt  an  der  Aisch  in  Franconia,' 
Reichenhall  in  Bavaria)  which  is  subwdinate  to 
the  alpine  limestone.  The  colours  of  the  muriati- 
ferous clay  are  much  more  mixed  and'varled  than 
those  of  the  slate-clay  that  covers  coaK-  The  for-: 
iriier  produces  a  slight  effervescence  with  acids ; 
its  colours  are  owing  both  to  carbon  and  to  oxidr 
of  iron.  I  saw  them  on  the  tabte-Iand  of  Bogota^ 
x'3--  -    '-  -  ■- 
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mixed  with  asphaltum,  and  staining  the  fingers 
black.  It  rapidly  absorbs  the  oxigen  of  the  atmo- 
sphere, either  in  our  laboratories  or  in  those  great 
drcular  excavations  (Sinkwerke,  Wohre)  which 
are  filled  with  fteah  water  for  washing  the  salife- 
rous  rock.  Ita  consistence  is  extremely  variable, 
changing  irom  soft  to  the  hardness  of  copper-slate. 
Tenacious  masses  (schlief)  often  appear  mixed 
with  flint,  and  give  sparks  with  steel ;  their  frag- 
ments are  then  testaceous  and  curved  (krumm- 
schalig  abgesonderte  Stticke).  Being  imbedded  in 
a  £iable  day,  these  masses  form  a  kind  of  porphy- 
nud  breccia.  Muriatiferous  clay  contxuns  neither 
scales  of  mica,  nor  impressions  of  fern,  so  conunon 
in  the  8late-clay  of  the  coal  min^ ;  we,  how- 
ever, sometimes  find  p^agic  shells  in  it  (Hallstadt, 
Wieiczkla^. 

Rock-salt  occurs  in  two  ways  ^  either  dissemi- 
nated in  parti  more  or  less  visible  in  the  salztbon, 
or  forming  thick  beds  alternating  with  beds  of  clay. 
This  different  disposition  determines  the  marimttm 
(Wieliczka)ortheminim!^m(IacheI)  of  tiie  richness 
of  the  mines ;  it  decides  whether  the  salt  should  be 
woriced  in  great  masses  (as  Pliny  expresses  it,  la^ 
diemorum  modo  cceditw  sal  naiivwn),  or  by  washing 
the  rock  by  the  introduction  of  fresh  water  iato 
the  subterraneous  chambers.  Even  when  the  mu- 
riate of  soda,  of  a  smoke-grey  colour,  is  dissemi- 
nated in  rounded  grains,  or  in  small  plates,  or  in  a 
mimner  invisible  to  the  eye,  it  forms  continued 
oiusts  around  the  separaie  pieces  of  salzthon.  It 
fills  all  the  crevices  which  divide  the  masses  into 
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polyhedral  fragments  ^  thence  result  argillaceouat 
breccias  (Haselgebirge)  cemented  by  rock  salt. 
Sometimes  great  masses  of  clay  (Hall  in  Tyrol)  are- 
altogether  destitute  of  muriate  of  soda ;  they  are 
thought  to  have  been  washed  by  the  action  of  the 
waters  tliat  circulate  in  the  earth,  and  this  curious 
phenomenon  seems  to  favour  the  hypothesis  origin- 
ally adopted  on  the  origin  of  salt-springs. 

Granular  gypsum,  greyish-white,  but  rarely  an-- 
hydrous  (muriacite),  occurs  in  beds  more  or  1^3 
thick  in  salzthon  ;  it  abounds  there  more  than  in 
rock-salt,  and  its  volume  is  far  inferior  to  that  of 
clay.  Sometimes  the  gypsum  is  mixed  withTetid 
limestone  and  crystals  of  magnesian  carbonate  of 
lime  (ranten  ou  bitterspath).  When  the  salt  does 
not  form  true  beds  or  ciystalline  continued  masses, 
it  is  found  like  an  intertvoven  mass  in  the  clay 
(Stockwerk),  that  is,  in  small  veins  that  cross  each 
other,  swell,  and  extend  in  every  direction.  These 
fibres  are  perpendicular  to  the  wall  and  ceiling  of 
the  veins  (Berchtolsgaden).  At  other  times  the: 
salt  is  divided  into  very  thin  beds,  parallel  to  each 
other,  varied  in  colour,  sinuous,  and  generally  v«c- 
tical  (Hallstadt  ^d  Hallein),  rarely  inclined  Ies3< 
than  30°  (Aussee).  Wherever  granular  gypsum  is 
entirely  wanting  in  the  salzthon  it  is  replaced 
by  scattered  crystals  of  selenite.  The  whole  of 
this  saliferous  formation  contains  occasionally  dis- 
seminated pyrites,  brown  blende,  and  galena.  At 
Zipaquira  in  South  America  (mine  of  Rute),  pyr 
rites  and  ferriferous  carbonate  of  Ume  form-  paitU, 
X  4 
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cular  concretions  in  flattened  spheroids,  from  18  to 
SO  inches  diameter,  containing  crystallised  spathic 
iron.  I  did  not  observe  this  singular  phenomenon 
in  the  mines  of  rock-salt  of  Germany,  Poland,  and 
Spain,  which  I  visited ;  but  the  frequency  of  py- 
rites in  muriatiferous  clay  throws  some  light  on  the 
small  sulphuretted  hydrogen  that  so  often  exhales 
from  salt^springs.  Galena  appears  only  in  small 
masses  in  the  saliferous  deposite  of  Hall  in  Tyrol ; 
but  is  developed  in  great  masses  in  the  mountains 
of  rock-salt  (reddish-white  and  darkish-grey)  across 
which,  at  a  distance  of  two  leagues,  the  Rio  Gual- 
laga  and  the  Rio  Hlluana  have  cut  their  way 
(Peruvian  province  of  Chachapoyas,  on  the  eastern 
declivity  of  the  Andes). 

The  deposites  of  salt  in  the  two  CMitinents  are 
generally  found  uncovered,  like  the  formations  of 
euphotide  and  serpentine.  Sometimes  they  sup- 
port small  beds  of  gypsimi  and  fetid  limestone, 
which  belong  to  them  exclusively.  It  is  conse- 
quently not  easy  to  decide  on  the  relative  age  of 
muriatiferous  deposites.  The  principal  formation 
(Hauptsalzniederlage)  appears  to  me  to  belong  evi- 
dently to  the  zechstein,  or  alpine  limestone ;  but 
this  does  not  exclude  the  probability  that  other  . 
partial  formations  are  interposed  in  the  transition 
and  perhaps  even  in  the  tertiary  formations.  Coat' 
oolite,  and  lignite,  are  also  developed  at  very  different 
periods  from  each  other,  and  yet  the  principal  posi- 
tions of  these  three  substances  are  the  red  sandstone. 
Jura  limestone,  and  plastic  clay.     In  order  to  treat 


jbyGoogIc 


this  subject  in  the  most  general  manner,  I  shall  in-' 
dicate  successively,  according  to  the  actual  state 
of  our  knowledge,  the  various  formations  of  rock- 
salt  in  the  transition  limestone,  zechstein,  and  va- 
riegated sandstone  with  clay. 

The  anhydrous  gypsum  of  Bex,  which  contains 
disseminated  rock-salt  and  small  subordinate  beds 
of  grauwacke,  belongs,  according  to  the  observ- 
ations of  MM.  de  Buch  and  Charpentier,  to  trans- 
ition Umestone,  but  probably  to  tiie  last  beds  of  the 
intermediary  formation.  The  saliferous  gypsum  of 
Colancolan  (at  the  east  of  Ayavaca,  Andes  of 
Peru)  appears  mixed,  like  the  transition  limestone 
of  Drammen  (Norway),  with  tremolite  asbestoid  j 
the  small  deposites  of  S.  Maurice  (Arbonne  in 
Savoy),  and,  according  to  M.  Cordier,  the  moun- 
tain of  salt,  at  Cardona  in  Spain.  Anhydrous  gyp- 
sum particularly  characterises  the  saliferous  de- 
pOMtes  of  the  tranation  formation.  In  the  south 
of  Germany,  on  the  banks  of  the  Neckef  (Sulz 
above  HeUbronn ;  Friedrichshall,  between  Koch- 
endorf  and  Jastfeldj  Wimpfeu,  above  Heilbronn), 
rock-salt  has  been  discovered  in  zechstein,  by 
means  of  soundings  of  245  and  76O  feet  deep.  The 
admirable  labours  of  MM.  Glenk  and  langsdo'rf 
leave  no  doubt  on  this  subject.  At  Sulz,  they 
have  successively  pierced  through  muschelkalk, 
the  formation .  of  clay  and  variegated  sandstone, 
porous  zechstein  of  small  thickness,  and  red  sand- 
stone reposing  on  the  granite  of  Bergstrasse  and 
Schwarzwald.      At  Friedrichshall  and  Wimpfen, 
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according  to  the  judicious  observati<»is  of  M.  de 
Schmitz,  the  upper  beds  of  the  zechstein  are  en- 
tirely wanting,  and  in  what  exists,  which  is  bluish- 
grey,  and  which  has  on  that  account  been  often 
confounded  with  transition  limestone,  alternating 
beds  have  been  found  of  rock-salt,  saliferous  clay, 
and  white  and  greyish  gypsum.  In  the  Grand 
duchy  of  Baden,  the  saliferous  deposite  appears 
covered  (Heinsheim  near  Wirapfen,  on  the  Necker ; 
Stein,  Miihlbach  and  Beyerthal,  in  the  vaUey  of 
the  Rhine ;  Kandern,  in  Schwarzwald)  by  the 
same  rocks  which  occur  at  the  salt^work  of  Sulz. 

Tmay  also  mention  as  a  very  evident  proof  of  the 
position  of  the  great  formation  of  rock-salt  in  the 
zechstein  or  alpine  limestone,  the  northern  parted  the 
table-land  of  Santa  F£  de  Bogota,  where  the  mine  of 
Zipaquira  is  found  (Bute,  Chilco,  and  Guasal)  at 
13S0  toises  above  the  level  of  the  sea.  This  sali- 
ferous deposite,  more  than  ISO  trases  thick,  is  co- 
vered hy  great  masses  of  granule  gypsum  whid;^ 
is  seen  interposed,  in  several  places  very  near  to  thfr 
ipine,  in  zechstein  supported  by  the  red  sandstone, 
or  coal-sandstone.  There  is  only  a  distance  of  sev^n 
leagues  from  the  coal  mine  of  Canoas,  and  the  mine' 
of  rock-salt  of  Zipaquira.  Other  depoaitea  of  coal 
(Suba,  Cerro  de  Tunjos)  are  still  nearer,  and  we  see 
red  sandstone,  which  is  very  quartzose,  appear  imme- 
diately iiom  beneath  the  saliferous  clay  of  Zipaquira. 
Since  I  first  visited  Salzbourg,  the  Tyrol,  and 
Styria,  no  doubt  has  rem^ed  on  nty  mind  of 
the  close  connection  of  rock-saJt  with  zechstein. 


jbyGoogIc 


Many  celebrated  get^oats  (MM.,  de  Buch  and 
Buckland)  are  of  the  same  opinion  i  but  it  mu^  be 
admitted,  that  wherever  the  age  of  the  limestone  is 
not  sufficiently  characterised  by  the  presence  of  coal- 
sandstone,  and  wherever  the  covering  of  the  sali- 
ferous  deposite  by  beds  of  a  known  age  is  not 
evident,  observations  do  not  afford  complete  convic- 
tion. In  the  mine  of  Hall,  near  Inspnick,  we  see 
(gallery  of  Mitterberg)  the  deposite  of  rock-salt 
immediately  covered  by  the  limestone  formation 
that  constitutes  the  northern  chain  of  the  Alps  of 
the  Tyrol.  This  limestone  passes  from  greyish- 
white  to  greyish-blue ;  the  dark-coloured  parts  are 
often  fetid.  It  is  generally  compact,  sometimes 
rather  fine-grained  granular,  and  traversed  by  veins 
of  white  calc-spar.  These  veins  are  considered  by 
some  geognosts,  and  perhaps  too  particularly,  as 
characterising  the  transition  limestone.  The  rock 
no  where  alternates  either  with  intermediary  clay- 
slate  or  grauwacke  ;  it  forms  (Wallers^e)  contorted 
beds,  like  the  limestone  of  the  lake  of  Lucern^. 
M.  de  Buch  has  frequently  found  in  it  petrifac- 
tions of  very  small  turbinites.  This  is  the  only 
place  in  Europe  where  I  saw  a  considerable  Ume- 
stone  formation  immediately  covering  rock-salt,  I 
believe  it  to  be  zechstein,  from  its  position  and 
structure ;  I  have  seen  it  sometimes  p^ss  (Schloss^ 
berg,  near  Seefeld ;  Schamitz)  to  compact  lime^ 
stone,  with  a  dull  fracture,  even,  or  conchoidal, 
with  very  flat  cavities,  similar  to  the  lithographic 
limestone  pf  Jura  (lias).     The  petrified  iish  that 
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are-  found  between  Seefeld  and  Schonitz,  in  a  bitu- 
minous marl,  remove  the  limestone  of  Hall  still  far- 
ther from  transition  limestone }  in  order,  however,  to 
'  characterise  it  indubitably  as  zeehstein,  we  must 
find  it  reposing  on  the  red  sandstone  (todUiegende), 
which,  according  to  the  observations  of  MM.  Uttin- 
ger  and  Keferstein,  appears  to  be  superposed  on 
the  intermediary  rocks  between  Ratenberg  and 
Hering,  as  well  as  near  the  ancient  mines  of 
Schwatz.  M.  de  Buch  and  myself  observed,  at 
Hallstadt  (Torringer  Berg)  and  at  Ischet,  alpine 
limestone  analogous  to  that  of  Hall,  but  with 
lighter  colours,  often  reddish,  and  more  abundant 
in  petrifections,  superposed  on  gj'psum  whicli  covers 
deposites  of  rock-salt  This  supei-position  is  less 
evident  at  Hallein  (mine  of  Durrenberg)  and  at 
Berchtesgaden ;  the  gypsum  which  covers  the  sali- 
ferous  clay  is  hid  beneath  a  calcareous  pudding- 
stone  (nagelfluhe)  of  tertiary  formation.  The 
deposites  of  Hallein  and  Berchtesgaden  appeared 
to  me  like  that  of  Wieliczka  in  Poland,  not  inter- 
stratified  with  zeehstein,  but  superposed  on  that 
formation.  I  believe  them  to  be  posterior  to  the 
great  formation  of  coal ;  but  the  red  sandstone  is 
wanting  in  their  vicinity,  and  the  limestone  of  the 
country  of  Salzbourg  is  immediately  superposed 
(valley  of  Ramsau)  on  grauwacke.  M.  Buckland 
considers  the  limestones  that  cover  the  saliferous 
clay,  at  Hdlstadt,  and  even  at  Bex,  as  belonging 
to  the  lias,  which  is  the  lower  bed  of  Jura  Umratone. 
After  the   rock-salt  of  the   anhydrous  gypsum 
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of  transition,  and  that  of  zechstan,  comes,  ac- 
cording to  the  age  of  formation,  the  salt  of  the 
variegated  sandstone,  or,  to  speak  more  correctly, 
of  the  formation  of  clay  and  variegated  sandstone. 
This  arenaceous  formation,  called  by  the  English 
geognosts  new  red  sandstone  and  red  marl,  con- 
tains the  deposites  of  salt  (Norwich)  of  England ; 
it  contains  salt  also  in  Germany,  near  Tiede  (be- 
tween WoUenbiittel,  and  Brunswick),  where  MM. 
Haussmann  and  Schulze  found  small  masses '  of 
disseminated  salt  in  the  red  clay  of  the  variegated 
s^dstone  of  the  oolite;  at  Sulz  (kingdom  of 
Wurtemberg),  -  where,  before  they  reached  the 
salt-springs  in  zechstein,  they  found,  immediately 
below  the  muschelkalk,'  at  the  depth  of  460  feet, 
nodules  of  salt  in  the  red  marl.  This  clay,  in  a 
thickness  of  SIO  feet,  covers  the  vari^ated  sand- 
stone to  which  it  belongs.  '  As  rock-salt '  alter- 
nates, very  near  Sulz  (at  Friedrichshall,  and  Wim- 
pfen),  with  marl  and  gypsum  interstratified  with 
zechstein,  we  cannot  doubt  the  geoghostic  afSnity 
that  exists  between  the  two  formations  of  zechstein, 
and  variegated'  sandstone.  Marl  and  saliferons 
clay  with  granular  gypsum-  is  foiind  placed  some- 
timesbetween  the  zechstein  and  sandstone,  some- 
times in  other  of  those  formations.  To  this  form- 
ation of  clay  and  variegated '  sandstone  belongs 
also  the  rock-salt  of  Pampeluna  in  Spain,  examined 
by  M.  Dufour,  and  the  rich  deposits  discovered"  in 
1S19,  in  Lorraine,  near  Vic.  ,  This  variegated  day  ■ 
formation'  of-  Vic  contains  small  beds'  of  musohel- 
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Icalk,  and  is  covered  in  its  turn  by  Jura  limestcaie. 
The  influence  which  a  more  accurate  knowledge 
of  the  position  of  rocks  has  had  in  these  latter 
times  on  the  discoveries  of  salt  in  Swabia,  France, 
and  Switzerland,  (Eglisau,  canton  of  Zurich),  is  a 
phenomenon  well  worthy  of  observation. 

I  doubt  if  we  have  hitherto  very  certain  proofs 
of  the  presence  of  rock-salt  in  muschelkalk ;  for 
we  must  not,  as  we  shall  soon  see,  deduce  this 
position  only  from  the  existence  of  salt-springs. 
Muschelkalk,  in  its  lower  beds,  alternates  with  the 
formation  of  elm/  and  variegated  sandstone  ;  aJs  it 
also  contains  sometimes  (Sulzbourg,  near  Naum- 
bourg)  marl  with  fibrous  gypsum,  it  would  not  be 
surprising  if  we  discovered  in  it  some  saliferous 
deposites.  Traces  of  these  deposites  have  been 
observed,  ne^u*  Kandem,  in  Jura  limestone. 
'  Do  beds  of  salt  exist  in  the  tertiary  formations 
sibove  the  chalk  ?  Several  gepgnoattc  phaiomena 
may  lead  to  this  supposition,  and  we  may  almost 
wonder  that  the  last  irruptions  of  the  ocean  on  the 
continents  have  not  produced,  If  not  beds  of  rock- 
salt,  at  least  of  saliferous  day.  In  the  actual  state, 
however,  of  our  knowledge,  this  problem  is  not 
sufficiently  determined.  M.  Steffena  cmsiders  the 
gypsum  with  boradte  of  Lunebourg  and  Seegeberg, 
(Holstein)  as  above  the  chalk.  The  latter  of  these 
gypsums  contains  »nall  masses  of  dtsaeminatcd 
rock-salt ;  the  former  gives  rise  to  very  rich  and 
alnmdant  salt-springs.  Other  geognosts  believe 
the  gypsum  formation  with  boracites  to  he  mudi 


jbyGoogIc  • 


319 

tnore  ancient  than  die  gypsum  with  bones  of  the 
tertiary  rocks,  and  almost  identical  with  the  gyp- 
sum of  the  zechstein  and  vuiegated  sandstone. 
The  immense  saliferoas  deposites  of  Wieliczka  and 
Bochnia,  which  extend  from  Gcdicia  as  far  as 
Bukowine  and  Moldavia,  appear  to  repose  imme- 
diately (HI  coal-sandstone,  containing  at  the  same 
time,  which  is  a  remarkahle  &ct,  anhydrous  gyp- 
sum, tellinie,  univalve,  polythalamous  shells,  finiits 
in  a  carbonated  state,  leaves,  and  lignite ;  tlwse 
deposites  are  covered  only  by  sand  and  micaceous 
sandstone.  M.  Beudant,  in  his  important  work  cm 
Hungary,  seems  to  lean  towards  the  opinion  that 
these  sands  and  sandstones  are  analogous  to  the 
molasse  of  Argovia;  and  that  all  the  saliferous 
formations  of  Galicia  may  be  contemporary  with 
the  plastic  day  (sandstone  with  Ignites)  of  the 
tertiary  rocks,  placed  between  the  chalk,  and  the 
Paris  limestone,  (limestone  with  cerithia).  This  bitu- 
minous wood  of  Wieliczka,  exhahng  the  smell  of 
truffles,  merits,  no  doubt,  great  attention ;  and  if  we 
admit  that  it  is  only  mixed  accidentally  with  rock< 
salt,  and  that  it  comes  &om  superposed  sandy 
beds,  we  must  still  conclude  that  rock-salt  and 
these  sands  are  neaiiy  connected  in  their  origin. 
But  is  the  presence  of  lignite  a  very  convinc- 
ing proof  of  the  late  origin  of  a  bed?  This  I 
doubt :  we  know  that  lignite  and  the  impressions 
of  dicotyledon  leaves  are  found  f^  below  the  chalk, 
4nd  in  the  lower  beds  of  the  Jura  limesttmes  (lime- 
stone with  gtyphseit  arcuata;   Vay,  Issigny  near 
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Caen),  in  quadersandstein,  and  in  small  carbonated 
and  marl  beds  (lettenkohle)  of  miischelkalk,  and 
in  the  vari^;ated  sandstone  of  Germany,  to  which 
also  belongs  the  argentiferous  slates  of  Franken- 
berg  (Hesse).  We  must  carefully  distinguish 
the  siliceous  and  petrified  wood  from  lignite  or 
bituminous  wood  (braunkohle) ;  and  if  we  rarely 
find  the  latter  in  the  clay  of  the' variegated  sand- 
stone, we  find  it  still  less  in  zeehstein,  of  which 
the  copper-slate  alone  contains  petrified  fruits. 
In  Tuscany,  according  to  M.  Brongniart,  the  salt- 
springs  of  Volterra  spring  from  the  marly  beds  that 
alternate  with  granular  gypsum  (alabaster),  and 
which  are  iminediately  covered  by  a  tertiary  form- 
ation. Although  it  seems  almost  impossible  to  de- 
cide on  the  age  ofjbrmations  which  are  not  covered, 
several  relations  of  position  which  I  had  occasion 
to  observe  in  the  new  continent  induce  me  to 
think'it  probable  that  deposites  of  salt  exist  in  ter- 
tiary fonnations.  I  shall  not  "cite  the  mountuns 
of  rock-salt  in  the  vast  plains  at  the  north-east  of 
New  Mexico,  which  Mr.  Je£^on  first  made 
known,  and  which  appear  to  be  connected,  with 
the  coal-sandstone;  but  other  very  doubtfUr de- 
posites, such  as  the  saliferous  clay,'  superposed  on 
the  trachytic  conglomerates  of  the  Villa  d'Ibaita 
(table-land  of  Quito,  at  the  height  of  1190  toises> 
the  *  marly  masses  of  salt  worked  at  the  surface 
(deserts  of  Lower  Peru  and  Chili),  in  the  steppes 
of  Buenos- Ayres,  and  in  the  arid  plains  of  Africa, 
Persia,  and  Transoxane.     I  saw  near  Huauia  (be- 
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tween  Lima  and  Santa,  on  the  coast  of  the  South 
Sea),  rocks  of  trachytic  porphyry  pierce  through 
beds  of  the  purest  rock-salt.  The  muriatiferooa 
clay  of  Araya  (gulf  of  Cariaco),  mixed  with 
lenticular  gypsum,  appears  to  be  placed  between 
the  alpine  limestone  of  Cumanacoa,  and  the  tertiary 
limestone  of  Barigon  and  Cumana.  The  salt  is 
accompanied  on  all  these  points  with  petroleum 
and  solid  asphaltum. 

In  comparing  the  deposites  of  rock-salt  of  Eng- 
land (at  30  toises),  of  WieUczka  (160  toises),  of 
Bex  (220  toises),  of  Berchtolsgaden  (330  toises), 
of  Aussee  (450  toises),  of  Ischel  (4-96  toises),  of 
Hallein  (620  toises),  of  Hallstadt  (660  toises),  of 
Arbonne  in  Savoy  (750  toises  ?),  and  of  Hail  in 
the  Tyrol  (880  toises),  M.  de  Buch  has  judiciously 
observed,  that  the  riches  of  these  deposites  diminish 
in  Europe  with  the  height  above  the  level  of  the 
ocean.  In  the  Cordilleras  of  New  Grenada,  at 
Zipaquira,  immense  beds  of  rock-salt  occur,  not 
interrupted  by  clay,  at  the  height  of  ]  400  toises. 
The  mine  of  Huaura  only,  on  the  coast  of  Pej'u, 
appeared  to  me  to  be  richer ;  I  there  saw  salt 
worked  in  the  same  manner  as  a  quarry  of  marble. 

In  Thuringia,  one  of  the  countries  where  the 
succession  and  the  relative  age  of  rocks  was  first 
observec^  it  was  long  believed  that  salt-springs  are 
more  frequent  in  the  granular  gypsum  of  the  zech- 
stein  than  in  the  fibrous  and  clay  gypsum  of  the 
variegated  sandstone ;  and  the  former  exclusively 
was  regarded  as  saliferous.     The  natural  caverns 
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in  the  inferior  gypsum  (salzgyps  and  schlotten- 
gyps)  have  always  been  considered  as  cavities 
formerly  filled  with  rock-salt.  In  hazarding  these 
hypotheses,  founded  on  too  few  observations,  it 
was  forgotten  that  the  deposites  of  salt  are  much 
less  charactei'ised  by  granular  gypsum  than  by  a 
clay  (salzthon)  very  analogous  to  the  clay  of  the 
upper  or  fibrous  gypsum.  Salt-springs  occur  to- 
gether in  groups,  or  succeed  each  other  in  sinuous 
and  diverging  bands.  The  direction  of  these  sub- 
terranean rivers  appears  to  be  independent  of  the 
inequalities  of  the  surfiice  of  the  soil.  Such  is  the 
circulation  of  the  waters  in  the  interior  of  the 
globe,  that  the  saltest  springs  may  often  be  the 
farthest  removed  from  the  spot  where  they  dis- 
solve rock-salt  A  great  degree  of  saltness  does 
tiot  prove  the  proximity  of  that  cause,  any  more 
than  the  violence  of  earthquakes  proves  the  prox- 
imity of  volcanic  fire.  The  springs  are  some^ 
times  plunged  into  the  lower  beds,  and  sometimes 
by  hydrostatic  pressure  rise  towards  the  upper 
beds.  It  is  not  their  position  solely  that  can  throw 
light  on  the  source  of  saliferous  deposites.  We 
find  salt-springs  in  Germany  in  grauwacke-slate  of 
the  transition  formation  (Werdohl  in  Westphalia), 
in  the  porphyry  of  the  red  sandstone  (Creuznach), 
in  die  red  sandstone  itself  (Neusalzbrunnen  near 
Waldenburg),  in  the  gypsum  of  zechstein  (Fried- 
richshall  near  Heilbronn,  Wimpfen  on  the  Necker, 
Durrenberg?  in  Thuringe),  in  the  formation  of 
clay  and  variegated  sandstone  (Dax  in  France  j 
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SchSnebeck,  Stasfurtfa,  Salz  der  Helden  in  Ger- 
many), and  in  the  muschelkalk  (Halle?  in  Saxony  j 
Suldor^  Harzburg).  We  may  add  to  this  enume- 
r^ion  the  Jura  limestone  (Butz  in  Frickthal), 
and  perhaps  the  molasse  (tertiary  sandstone  with 
lignite)  of  Switzerland  (Eglisau,  soundings  of 
M.  Glenck).  We  must  not,  in  the  search  for 
rock-salt,  mistake  for  true  depcsites,  small  masses 
which  highly  concentrated  salt-brings  may  have 
accidentally  left  by  evaporation  on  the  clefts  of 
the  rocks. 

Gypsum  and  fitid  limestone.  Some  formations 
of  gypsum  posterior  to  transition  gypsum  (5  20.) 
appear  in  all  limestone  formations  above  the  red 
aandstone,  in  the  zechstein,  in  the  red  sandstone  it- 
self, in  muschelkalk  (very  rarely),  in  the  Jura  lime- 
stone, and  in  tertiary  formations.  The  gypsum 
(unterer  gyps,  schlolttengyps  of  Werner)  which 
belongs  to  the  zechstein  occurs  less  in  extended 
beds  than  in  irregular  masses;  it  is  often  super- 
posed (Thuringe)  on  zechstein,  and  covered  by 
the  variegated  sandstone.  It  is  compact  or  granu- 
lar, and  alternates  with  fetid  limestone  (stmkstein), 
while  the  gypsum  of  the  vari^ated  sandstone 
(oberer  gyps,  thongyps  of  Werner),  is  rather  fibrous 
and  mixed  with  clay.  These  characters  of  struc- 
ture and  mixture  are,  however,  not  general.  We 
stated  above,  that  in  the  saliferous  gypsum  of  the 
zechstein,  clay  (salzthon)  takes  an  estraordinay 
developement.    On  the  other  hand,  the  fibrous 
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and  clay  gypsum  of  the  variegated  sandstone 
sometimes  exhibits  also  granular  masses  (alabaster 
of  Reinbeck,  in  Saxony),  breccia  of  fetid  limestone, 
and  considerable  cavities  (gypsschlotten) :  three 
phenomena  which  more  generally  characterise  the 
gypsum  of  the  zechstein. 

All  these  phenomena  prove  the  close  connection 
that  exists  between  the  two  great  saliferous  form- 
ations, alpine  limestone  and  variegated  sandstone 
with  clay.  I  saw  frequent  examples,  in  the  equi- 
noxial  zone  of  the  new  continent,  of  beds  of  gyp- 
sum interstratified  with  or  superposed  on  zechstein, 
in  the  Llanos  of  Venezuela  (Ortiz,  Mesa  de  Paja* 
Cachipo) ;  in  the  province  of  Quito  (table-land  of 
Cuen^a,  near  Money,  and  between  Chulcay  and 
Nabon) ;  in  the  table-land  of  Bogota  (Tunjuellos, 
Checua,  and  at  1600  toises  above  the  level  of  the 
sea,  at  Cucunuva) ;  in  the  plains  of  tlie  Amazon 
{Quebrada  turbia  near  Tomependa);  at  Mexico, 
between  Chilpansingo  and  Cuemavaca  (near  So- 
cbipala)  ^  and  in  the  metalliferous  mountains  of 
Tasco  and  Tehuilotepec. 

The  beds  of  fetid  limestone  are  either  subor- 
dinate to  gypsum  and  muriatiferous  clay  contain- 
ing zechstein,  or  they  appear  to  be  the  result  of 
an  accidental  accumulation  of  bitumen  in  the  rock 
of  zechstein  itself.  This  accumulation  gives  rise 
to  springs  of  mineral  pitch,  and  perhaps  also  to 
those  flames  of  hydrogen  that  issue  from  the  alpine 
limestone  in  Europe,  in  the  Apennines  (Pietra 
Mala,   Barigazzo),  and  in  America,  in  the  moun- 


jbyGooglc 


3^ 

tains  of  Cumanacoa  (Cuchivailo,  iat.  10° "  6'). 
-Fetid  limestone  occurs  aUo,  but  much  more  rarely, 
in  the  variegated  sandstone  and  muschelkalk  (beds 
of  belemnites  of  Goettingue  ?).  The  asche  and 
the  rau/ikalk  of  the  mines  of  Thuringia  are  only 
pulverulent  or  crystalline  and  porous  varieties  of 
fetid  limestone  belonging  to  the  zechstein.  As 
fetid  limestone  is  in  Europe  constantly  destitute  of 
petrifactions,  I  shall  here  mention  that  in  the  plains 
of  New  Grenada  (valley  of  the  Rio  Magdalena, 
between  Morales  and  the  mouth  of  the  Cano  Mo- 
rocoyo),  M.  Bonpland  found  terebratulites  and 
pectinites  in  a  variety  of  tliis  rock  which  was  dark- 
grey,  a  little  brilliant  at  the  exterior,  strongly 
bituminous,  and  traversed  by  veins  of  white  cal- 
careous spar. 

Magnesian  limestone.  We  must  distinguish  in 
geognosy,  between  beds  interstratified  with  zech- 
stein (gypsum,  rock-salt,  sulphate  of  lead),  the 
chemical  composition  of  which  differs  entirely  from 
that  of  the  principal  rock,  and  the  partial  modifica- 
tions of  the  rock  itself.  The  modifications  which 
affect  the  structure  (the  grain  more  or  less  crys- 
talline, the  oolitic  form,  or  the  porosity)  and  the 
mixture  (magnesian  limestone,  ferriferous  lime- 
stone) are  less  important  than  might  at  first  be 
supposed.  We  find  analogies  in  formations  of  a 
very  different  age ;  they  characterise  certain  fonn- 
ations  in  cantons  of  small  extent,  but  when  we 
compare  very  remote  regions,  we  see  that  they  do 
not  chai'acterise  them  as  much  as  interstratified 
y  3 
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beds  that  are  chemically  heterc^neous.  In  Eng- 
land the  great  mass  of  magnesian  limestone,  red- 
land-limestone  of  M.  Smith,  often  contains  many 
madrepores  (Mendip  hills  near  Bristol)  and  con- 
nected with  limestone-breccia,  or  cellular  beds 
(Yorkshire)  similar  to  rauchwacke,  is  no  doubt  the 
parallel  of  the  zechstein ;  it  is  placed  between  the 
formationB  of  coal  and  rock-salt :  in  England,  how- 
ever,, as  well  as  in  some  parts  of  the  continent, 
according  to  the  researches  of  MM.  Bockland, 
Brongniart,  Beudant,  Conybeare,  Greenough,  and 
Phillips,  the  mixture  of  magnesia  and  carbonate  of 
lime,  which  Arduin  observed  in  the  Vicentine  in 
the  year  I76O,  is  also  found  in  the  vari^;ated 
sandstone  with  clay  (red  marl),  in  the  oolitic 
limestone  of  Jura,  in  the  chalk,  and  in  the  calcaire 
grosster  (Farbian  limestone)  of  tertiary  fonnatton. 
Perhaps  even  in  Hungary  and  in  a  part  of  Ger- 
many, the  magnefdan  limestone  belongs  rather  to 
the  vari^ated  sandstone  and  to  the  oolitic  form- 
ations of  Jura  than  to  the  zechstein.  These  rocks 
are  in  general  straw-colour  (of  Sunderland  and 
Nottingham)  or  reddish-white,  sometimes  compact, 
sometimes  rather  granular,  pearly  and  shining  in 
the  fracture ;  sometimes  they  are  cellular,  and 
traversed  by  veins  of  calc-spar.  They  eflfervesce 
slowly  ^th  acids,  and,  like  the  true  dolerite  of 
primitive  formations,  they  often  form  but  thin 
beds  in  a  limestone  which  is  not  magnesian.  If  in 
magnesian  limestone  and  red  maii  with  rock-salt 
(two  fbrmations  placed  between  the  coal  and  the 
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oolitic  deposites),  we  rect^nise  in  England  the 
zechatein  and  the  variegated  sandstone  of  the  con. 
tinent,  we  must  not  forget  that  in  Geimany  and 
Hungary,  zechstein  is  connected  with  the  red 
sandstone  or  the  coal-sandstone ;  while  in  Eng- 
land,  the  coal  deposite  is  generally  found  in  a 
position  non-confbrmable  with  those  of  the  mag- 
nesiaa  limestone,  and  almost  belonging  to  the  trans- 
ition rocks.  The  ikree  great  deposUes  ofcoalj  salt, 
and  ooUtes,  which  serve  in  a  degree  as  marks  to 
the  geognost  while  he  is  exploring  an  unknown 
oaumtry,  are  every  where  placed  in  the  same 
manner,  but  the  mutual  links  of  formations,  and 
the  degree  of  their  developement,  vary  according 
to  the  localities.  In  England,  when  by  the  suppres- 
sion of  the  new  red  conglomerate  (todtes  liegende), 
magnesian  limestone  (zechstein)  reposes  immedi- 
ately on  the  coal  deposite  (Durham,  Northumber- 
land), the  coal  is  regarded  as  of  an  inferior  quality. 

Ferriferous  limestone,  rauchwacke,  and  limestone- 
mth  graphites.  The  ferriferous  limestone  (eisen- 
kalk,  zuchtwand)  is  a  brownish  or  dull-yellow  rock, 
sometimes  compact,  sometimes  granular  or  cavern- 
ous, penetrated  with  spathic  iron,  forming  beds  in 
the  upper  layer  of  zechstein  (Cammsdorf,  Schmal- 
kalden,  Henneberg).  It  is  sometimes  traversed 
by  copper-slate,  and  takes  such  a  developement 
that  it  replaces  all  the  lower  beds  of  zechstein. 
When  it  becomes  darkish-grey,  charged  with  bitu* 
men  and  cavernous,  it  beiu's  the  name  of  rauch. 
Bpoc^f  in  Germany.  The  cavities  of  rauchwackeafe 
y  4 
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angular,  lon^  and  narrow,  and  covered  with  crys- 
tals of  carbonate  of  lime.  This  small  partial  form- 
ation,  which  M.  Karsten,  in  his  Class^atton  qf 
Rocks,  confounded  with  the  cavernous  and  porous 
part  of  the  Jura  limestone,  is  sometimes  magnesifer- 
Ous,  imperfectly  oolitic  (Cresfeld),  and  mixed  with 
granular  quartz.  Fetid  stone,  ferriferous  limestone, 
and  rauchwacke  are  closely  connected  together. 
To  rauchwacke  also,  for  the  most  part,  that  vast 
collection  of  gryphite  belongs  (G.  aculeatus)  which 
is  called  limestone  with  the  gryphcea  actdeata  (gry- 
phitenkalk),  which  characterises  the  zechstein, 
and  which,  as  we  shall  afterwards  see,  forms  a  bed 
more  ancient  than  the  limestone  with  the  gry- 
pheea  arcuata,  one  of  the  lower  strata  of  the  Jura 
limestone. 

Sandstone.  Wherever  zechstein  or  alpine  lime- 
stone is  developed  alone  in  great  masses,  and  is 
consequently  not  interstratified  with  tbA  sandstone, 
beds  of  sandstone  are  very  rare.  I  observed  some, 
however,  in  the  mountains  of  Cumana(Impossiblei' 
Tumiriquiri),  This  sandstone  interstratified  with 
zechstein  is  estremely  quartzose,  destitute  of  petri- 
factions, and  alternates  with  darkish-brown  clay. 
M.  de  Buch  observed  in  Switzerland  a  phenomenon 
altogether  analogous,  in  the  alpine  limestone  of 
Molesson,  and  in  that  of  Jaunthal  near  Fribouig. 
In  the  Cordilleras  of  Peru  near  Huancavelica,  niore 
than  2000  toises  above  the  level  of  the  ocean  (mine 
of  Santa  Barbara),  an  immense  bed  of  sandstone  as 
quartzose  as  that  of  Fonbunebleau,  and  containiDg 
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a  deposite  of  mercury,  forms  a  bed  in  alpine  lime- 
stone. Even  the  zechstein  of  Thuringia  some- 
times contains  Small  beds  of  san^tone  extremely 
quartzose,  that  traverse  the  copper-date.  An 
arenaceous  marl  (weissliegende)  occurs  on  the 
junction  of  the  zechstein  with  the  red  sandstone. 
It  varies  much  in  its  composition,  and  reminds  us 
of  the  beds  o£  sandstone  of  Tumiriquiri  in  South 
America.  The  weissli^ende  of  Thuringia  is  gene- 
rally calcariferous,  and  contains  sandstone  and  sili- 
ceous conglomerates.  M.  Freiesleben  found  in  it 
(Helbra)  globular  concretions  similar  to  those  which 
I  collected  in  the  saliferous  clay  of  the  zechstein  of 
Zipaquira.  We  shall  again  observe,  that  the  alpine 
limestone  of  the  Pyrenees  is  not  only  mixed  with 
sand  and  mica,  but  also  contains  beds  of  argilla- 
ceous sandstone. 

iSulphitret  of  lead,  hydrate  of  iron,  calamine,  mer- 
cury. These  four  small  metalUc  formations  charac- 
terise the  zechstein  in  the  two  hemispheres.  Argen- 
tiferous galena  appears  already  in  small  masses  in 
the  copper-slate  of  Thuringia,  but  in  Silesia  and 
Poland  it  forms  (Tamowitz,  Bobrownik,  Sacrau, 
Olkusz,  Slawkow)  very  extensive  beds  in  zech- 
stein, consequently  above  the  rich  deposite  of  coal 
of  Ratibor  and  Beuthen.  In  tlie  same  country 
beds  of  hydrate  of  iron  (Radzionkau)  and  calamine 
(Piekary),  parallel  to  each  other,  are  of  a  much 
more  recent  origin  than  the  bed  of  argentiferous 
sulphuret  of  iron  of  Tamowitz. 

We  already  find  in  the  granular  limestone  desti- 
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tute  of  shells,  which  covers  the  latter  bedi  small 
masses  of  brown  iron  and  concretioned  oxide  of  zinc 
disseminated  in  elongated  cavities.  Near  Ilefeld 
in  Hartz,  the  whole  of  the  zechstein  isimpr^nated 
with  this  latter  substance.  Wi^  respect  to  the 
beds  of  galena  and  calamine  of  Sauerland,  Brilon, 
Aix-la-Chapelle,  ^id  Limbourg,  they  seem,  accord- 
ing to  the  judicious  observations  of  MM.  deRaumer 
and  Nceggerath,  notwithstanding  their  apparent 
aaiaiogy  with  the  formations  of  Upper  Silesia,  to 
belong  to  the  most  recent  transition  rocks.  It 
might  be  said,  there  exists  in  the  two  continents  a 
geognostic  qffimty  (or  position)  very  remarkable 
between  limestone  rocks  and  sujphuret  of  lead 
which  is  more  or  less  argentiferous ;  we  see  the 
latter  in  Europe  in  intermediary  limestone  (veins 
of  Schwatz  in  the  Tyrol,  and  mountain  limestone 
of  Northumberland,  York,  and  Derbyshire),  and  in 
the  alpine  .limestone  (beds  of  Upper  Silesia  and 
Poland;  magnesian  limestone  of  Durham).  On 
the  table-land  of  New  Spain,  the  lead  ores  of  the 
district  of  Zimapan  (Real  del  Cardonal,  I^mo  del 
ToTo),  as  well  as  those  of  Liiiares  and  New  Sunt 
Ander,  belong  also  to  the  limestone  mixed  with 
fetid  stone,  and  which  immediately  succeed  the 
coal  formation. 

Calamine  occurs  in  the  magnesian  limestone  of 
Ei^land  (Mendip  hills),  as  well  as  in  the  zechstein 
of  Upper  Silesia.  With  respect  to  the  argillaca)us 
beds  of  hydrate  of  iron,  they  exhibit  a  peculiar  chsr 
xacter  in  the  alpine  limestone  of  the  Andes  of  Pei'u ; 
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they  contain  abundance  of  native  filiform  silver* 
and  muriate  of  silver.  This  mixture  of  oxides  of 
inm  and  of  silver  which  M.  Klaproth  and  myself 
made  known,  bears  the  name  oSpacos  ;  it  is  found 
in  the  equinoxial  part  of  both  Americas,  occupying 
the  upper  part  of  die  vdns,  and  it  exhibits  in  this 
position  a  very  remarkable  analc^  with  the  earthy 
oehraceous  (but  not  argentiferous)  masses  which 
the  miners  of  Europe  call  vulgarly  by  the  name  of 
the  iron  cap  (chapeau  de  fer)  of  the  veins  (eiseme 
Hut).  The  richest  example  that  I  am  acquainted 
with  of  a  bed  qfpacos  in  the  alpine  limestone,  is 
the  deposite  of  the  mountain  of  Yauricocha  (Cerro 
de  Bombon,  Peruvian  Cordillera  of  Pasco),  situ- 
ated at  more  than  1800  toises  of  absolute  hei^t. 
Although  the  workings  of  this  place,  o£  oxide  of 
iron  abounding  in  silver,  have  in  general  reached 
hitherto  only  to  the  depth  of  fifteen  to  twenty 
toises,  they  have  furnished,  in  the  last  twenty  years 
of  the  eighteenth  century,  more  than  five  millions 
of  marks  of  silver.  An  experienced  geognost  wiH 
consider  this  remarkable  position  only  as  a  parti- 
cular  developement  of  the  beds  of  hydrate  of  iron 
that  occur  in  the  zechstein  in  Upper  Silesia,  and 
sometimes  pass  (Pilatus  and  Wallensee  in  Switzer- 
land) to  lenticular  iron.  ' 

The  simultaneous  occurrence  of  m^cury  in  coal- 
sandstone  and  ^pine  limestone  adds  to  the  rela- 
tions which  we  have  indicated  between  those  two 
formations.  In  Camiole  (Idria),  ores  of  mercury 
are  found,  according  to  MM.  H^on  de  Villefosse 
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and  Bonnard,  in  marl-state  similar  to  the  copper- 
marl  of  Mansfeld.  At  Fern,  ne^  UuancaTelica, 
cinnabar  is  partly  disseminated  in  a  very  quartzose 
sandstone  that  forms  a  bed  in  the  alpine  limestone 
(Fertinenciaa  del  Brocal,  Coraedio,  and  Cochapata, 
mine  of  Santa  Barbara) ;  a  part  fills  the  veins 
(mountain  of  Sillacasa)  which  unite  into  bunches 
and  traverse  the  alpine  limestone. 

After  having  mentioned  this  great  variety  of  true 
beds  contained  in  the  formation  of  which  we  en- 
deavour to  describe  the  relations  of  position,  struc- 
ture, and  composition,  it  remainlb  for  me  to  indicate 
the  substances  which  are  found  simply  disseminated 
in  it  I  shall  confine  myself  to  naming  flint,  rock- 
crystal,  and  sulphur. 

Common  flint  (homstein),  very  rare  in  the  zech^ 
stein  of  plains  (Thurin^),  characterises  that  form- 
ation in  the  alpine  region  of  the  Pyrenees,  Switzer- 
land, (Mont  Bovon,  la  Rossini^re)  Salzbourg,  and 
Styria  (above  Hallstadt,  Potschenberg,  Goisern) ; 
it  often  passes  to  jasper  and  gun  fiint  (ieuerstein). 
The  flint  of  the  alpine  limestone  is  found  in 
Europe,  only  in  nodules  often  disposed  on  the  same 
line  ;  but,  in  the  Cordilleras  of  Peru,  in  the  rich 
silver  mines  of  Chota  (near  Micuipampa,  south 
lat  6"  4^' 88"),  flint  forms  a  bed  of  immense  thick, 
ness.  The  mountain  of  Gualgayoc,  which  rises 
like  a  fortified  castle  on  a  table-land  1800  toises 
high,  is  entirely  composed  of  this  substance.  The 
summit  of  the  mountain  is  terminated  by  an  innu- 
merable quantity  of   small  pointed    rocks,   each 
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having  large  openings,  wliich  the  people  call  win- 
dows (ventanillas).  The  flint  (jtamzo)  of  Gualga- 
yoc  is  a  scaly  horastone  that  is  greyish-white,  of  a 
ftacture  dull  and  often  even,  and  intimately  mixed 
with  sulphuret  of  iron.  It  passes  sometimes  to 
quartz,  sometimes  to  gun  Hint  In  the  first  case  it 
is  cellular,  with  irregular  cavities,  and  covered  with 
crystals  of  quartz.  Great  masses  of  this  panizo,  iri 
which  veins  of  grey  and  red  silver  and  veins  of 
magnetic  iron  form  bunches  of  extraordinary  rich- 
ness, resembling  the  P^uisian  siliceous  limestone  of 
tertiary  formation ;  but  we  see  clearly,  in  several 
of  these  mines  (Choropampa,  at  the  east  of  Purga- 
torio,  near  the  ravine  of  Chiquera),  that  this  metal- 
liferous homstone  is  a  bed  of  irregular  form,  inters 
stratified  with  zechstein  or  alpine  limesone.  It 
contains  imbedded  great  masses  of  limestone,  and 
sometimes  alternates  (Socabon  of  Esptnachi)  with 
that  very  dark  brown  and  slaty  clay,  which  is  found 
in  the  alpine '  limestone  of  Montan,  and  which 
renders  the  veins  entirely  sterile.  The  homstone 
is  destitute  of  shells,  which  abound  in  the  principal 
rock,  and  which  sometimes  even  fill  the  veins.  An 
enormous  mass  of  siliceous  matter  which  appears  as 
if  melted  in  the  midst  of  secondary  limestone,  with 
curved  beds,  and  containing  ammonites  from  eight 
to  ten  inches  of  diameter,  is  no  doubt,  a  very  re- 
markable geognostic  phenomenon.  Do  nodules  of 
homstone  (silex  com6)  exist  (vicinity  of  Florence) 
in  transition  limestone  ?  Of  what  age  are  the  jas^ 
pers  and  disseminated  calcedonies,  in  the  Monti 
Madoni  of  Sicily  ? 

D.nt.zedbyG00g[c 


The  alpine  limeatone  of  Cumanacoa  (Soutli 
America)  contains,  like  that  of  Grosorner  (Thu- 
ringia,)  disseminated  rock-crystalB.  Those  cijstals 
are  not  found  in  cavities,  but  imbedded  in  the 
rock,  like  feldspar  in  porphyry,  and  like  rock- 
crystfd  or  boracite  in  gypsum  of  late  origin. 

'Native  sulphur,  which  we  have  already  seen  in 
the  granular  quartz  of  primitive  formation,  and  is 
transition  gypsum,  (Sublin  near  Bex)  re-appears  in 
alpine  limestone  (Pyrenees,  near  OrthSs,  and  near 
tlie  forge  of  Bielsa ;  Sicily,  Val  de  Noto  and  Maz- 
zara),  and  in  the  foliated  gypsum  (New  Spain, 
Pateje  near  Tecosautla)  that  belongs  to  this  latter 
formation.  The  greater  part,  however,  of  the  sul- 
phur Uiat  abounds  in  the  equinoxial  regions  of 
America,  is  found  in  trachytic  porphyries,  and  in 
the  day  of  pyrogenic  formation. 

The  operatioas  of  Bouguer  imd  La  Condamine 
having  been  carried  on  in  a  portion  of  the  Andes 
where  trachytic  formations  abound,  among  many 
erroneous  ideas  spread  through  Europe,  on  the 
structure  of  the  Cordilleras,  was  that  of  Uie  ab- 
sence of  shells  and  limestone  formations  in  the 
equinoxial  region.  Even  towards  the  end  of  the 
eighteenth  century,  the  Academy  of  Sciences  oi 
Paris  requested  M.  de  La  Peyrouse  (Voyage,  t  i. 
p.  169.  "  to -examine  if  it  was  true  that  near  to 
the  line,  or  rather,  as  we  approach  towards  it;  that 
the  calcareous  mountains  lowered,  so  as  at  last  not 
to  be  above  the  level  of  the  sea."  In  more  recent 
works  (Greenough,  Crif.  ExamruUion  of  Geology, 
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p.  288.)  doubts  are  mentioned  of  the  existence  of 
ammonites  and  belemnites  in  South  America.  In 
describing  the  aupeq)03ition  of  rocks  in  diffferent 
parts  of  the  new  continent,  I  indicated  at  what  a 
prodigious  height  the  shelly  beds  of  zechstein  rise 
in  the  Cordilleras  of  Peru  and  New  Grenada. 
We  must  not  suppose  that  the  great  revolutions 
which  buried  the  pelagic  animals  were  confined  to 
particular  climates. 

In  regions  the  most  remote  from  each  other,  we 
find,  in  the  formation  of  zechstein,  or  alpine  lime- 
stone, gryphites  (G.  aculeata),  entrochites  (forming 
in  many  parts  of  Germany,  according  to  the  curi- 
ous observations  <^  M.  de  Buch,  a  distinct  bed  on 
the  junction  of  alpine  limestone  and  coal-swid- 
stone),  terebratulites  (T.  alatus,  T,  lacunosusj 
T.  trigonellus) ;  pentacrinites  of  great  length ;  a 
trilobite  in  copper-schist,  which,  as  to  Its  genus,  has 
perhaps  not  been  aufficientiy  examined  {T.  bitumi- 
jiosus);  ammcmites  (more  rare  than  in  muschel- 
kalk  and  the  marl  of  Jura  limestone)  j  some 
orthoceratites ;  fish  which  had  attracted  the  atten- 
tion of  the  ancients  (Aristotie,  Mirab.  aiiscuitat., 
ed  SeckmanniaTia,  c.  7^. ;  Livius,  lib.  4@.  c.  l.)j 
bones  of  the  monitor,  perhaps  even  (Tocayma  and 
Cumanacoa,  in  South  America)  of  crocodiles ;  im- 
pressions of  lycopodiaces  and  bambousacese ;  no  ~ 
red  fern,  but,  which  is  very  remarkable  (bitumi- 
nous marl  of  Mansfeld),  leaves  of  dicotyledon 
plants  analogous  to  willow-leaves.  It  is  observed 
that  the  shells  of  the  alpine  limestone  (AnmmUes 
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ammoniits,  A.  amaUkeus,  A.  hircinus,  NautiUles 
ovatus,  Pectinites  textorms,  Pectinites  saUnarius, 
Gryphites  gigas,  G.  actdeatus,  G.  arcuaius,  Mi/tu- 
Utes  rostTottts)  are  not  so  much  disseminated  in 
the  mass  of  the  rock  as  is  the  case  with  the  two 
formations  of  muschelkalk  and  Jura  limestone, 
as  accumulated  in  certain  parts,  and  oilen  at  great 
heights.  Alpine  limestones  appear  on  a  very  con- 
siderable extent  of  country,  sometimes  entirely 
destitute  of  organic  remains. 

In  the  preceding  pages  we  have  indicated  the 
formations  of  equinoxial  America  that  belong  to 
the  zechstein.  There  are,  in  the  littoral  chain  of  the 
Caracas,  the  limestones  of  Punta  Delgrada,  Cuma- 
nacoa,  andCocollar,  contmning,  notgrauwacke,but 
quartzose  sandstone  and  carburetted  marl  j  in  New 
.Grenada,  the  limestone  of  Tocayma  and  the  table- 
land of  Bogota,  supporting  the  rock-salt  of  Zipaquira ; 
in  the  Andes  of  Quito  and  Peru,  limestone  of  the 
province  of  Jaen  de  Bracomoros,  Montan,  and 
Micuipampa,  placed  on  coal-sandstone,  and  con- 
taining enormous  masses  of  flint ;  in  New  Spain, 
the  limestone  of  Peregrino,  Sopilote,  and  Tasco,  be- 
tween Mexico  and  Acapulco.  Several  of  these 
calcareous  masses  of  enormous  thickness,  and  sup- 
porting gypsum  and  sandstone,  are  superposed  not 
on  coal-sandstone,  but  on  transition  porphyries  very 
jnetailiferous  and  connected,  at  least  in  appearance, 
in  some  places,  with  a  decidedly  trachytic  form- 
ation. It  is  observed  in  both  continents,  that, 
where   alpine   limestone    has    asswned    a    great 
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developement,  coal-sandstone  is  almost  .entirely 
wanting,  and  vice  versa.  This  opposition  in  the  de- 
velopement  of  two  neighbouring  fonnations  struck 
me,  especially  at  Guanajuato  (central  table-land 
of,  Mexico),  and  at  Cuen^a  (central  table-land  of 
Quito),  where  the  coal-sandstone  abounds;  it  ar- 
rested my  attention  in  the  Cordilleras  of  Montan 
(Peru),  and  at  Tasco(New  Spain),  where  alpine 
limestone  abounds.  .  We.  here  repeat  that  when 
the  coal-sandstone  is  not  visible,  or  is  not  developed, 
the  limits  between  alpine  and  transition  limestone 
are  very  difficult  to  trace.  _  In  excluding  from  the 
secondary  formation  all  the  greyish-blue  lime- 
stones, traversed  by  veins  of . white  calc-spar,  and  by 
beds  of  clay  and  marl,  the  fonnations  of  Cumanacoa, 
Tasco,  and  Montan  (Venezuela,  Peru,  and  Mexico), 
like  those  of  the  most  northern  Alps  of  the  Tyrol 
and  Salzbourg,  become  transition  formations.  I 
am  incUned.te  think  that  the  formations  we  have 
just  named,  like  those  of  the  Mole,  Haacken,  and 
Filatus,\are  the  most  ancient  beds  of  zechstein 
which  are  connected  with  the  transition  limestone 
of  la  Dent .  de  Midi,  Oldenhom,  and  Orteler. 
Many  rocks  succeed  each  other  by  a  progressive 
developement,  and  it  appears  quite  natural  that  the 
last  beds  of  a  more  ancient  formation  should  exhibit 
a .  great  analogy  of  structure  with  the  first  beds  of 
the  superposed  formation, 

;  It  was  recentiy  proposed  to  place  among  the 
beds.interstiatified  with ,  zechstein  or  alpine  Umer 
stone,  two  other  substances,  greenstone  and  dole- 
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rite,  which  we  already  know  to  be  subordinate  to 
coal-sandstone  in  many  parts  of  Europe ;  even  sy- 
enites, porphyries,  and  secondary  graniies  have  been 
indicated  as  superposed  on  alpine  and  Jura  lime- 
stones. They  are  rocks  of  that  part  of  the  south- 
east of  the  Tyrol  (valleys  of  Lavis  and  Fassa ;  Re- 
coaro)  on  which  Count  Marzari  Fencati  has  pub- 
lished very  curious  observations.  The  position  of 
these  substances  being  still  a  contested  pcnnt  of 
geolo^,  I  ought  here  to  confine  myself  to  mention- 
ing the  state  of  the  problem,  and  of  a  question  so 
Worthy  of  the  attention  of  geognosts. 

M.deBuch 'already  remarked  in  1798,  that  be- 
tween Fergioe  and  Trento  (Lago  di  Colombo, 
Monte-Corno),  tranation  porphyry  (or  rather  that 
of  the  red  sandstone)  alternates  with  alpine  lime- 
stone of  secondary  formation.  This  KmesfaHie 
abounds  in  unmonites  and  terebratulites.  The 
alternation  is  evident,  and  the  porphyries  so  com- 
mon every  where  else  in  coal-sandstone  ex- 
tend as  ^  as  the  alpine  limestone,  in  the  same 
manner  as  on  the  eastern  ridge  of  the  Andes  o£ 
Peru  (Chamaya)  I  saw  the  compact  quartz-rock, 
representing  coal-sandstone,  reach  also  to  this  very 
formation.  It  is  a  penetratkig  of  the  lower  form- 
ation into  a  superposed  fonn^^on,  a  phenomenon 
which  may  surprise  us  so  much  less,  as  in  Silesia, 
Hungary,  and  in  several  pMts  of  equinoxi^  Ame- 
rica, the  red  sandstone,  or  the  coal-sandston^  is 
closely  connected  with  zechstein.  The  porphyries 
of  the  south  of  the  Tyrol  rise  (mountain  c£  Foma) 
to  the  height  of  1500  toises.  (Buch,  Geogn.  Beob., 
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ti.  p.  SOS.  309.  315,  316.)  M.  de  Marzari, 
whose  researches  began  in  1806,  thinks  he  saw  in 
the  vicinity  of  Recoaro,  succeeding  each  other 
&om  bek>w  upwards,  mica-slate  and  dolerite  (filling 
at  the  same  time  the  veins  that  traverse  the  mica, 
slate,  and  containing  pyroxene  and  titaneousiron); 
red  sandstone  with  coal  and  bituminous  marl ; 
eechstein,  oi"  which  the  lower  beds  are  a  limestone 
with  gryphites,  a  formation  of  syenitic  porphyry 
with  interposed  amygdaloid.  M.  de  Marzari  indi" 
cates,  in  the  vaUey  of  Lavis  (Avisio),  always  from 
below  upwards,  grauwacke,  porphyry,  red  sand- 
stone, alpine  and  Jura  limestone,  granite,  and  black 
pyroxenic  masses  destitute  of  olivine.  According 
to  the  interesting  memoir  published  by  M.  Breis- 
lak,  the  secondary  granite  placed  on  alpine  lime- 
stone is  altogether  similar  to  the  linest  granite  of 
Egypt;  it  contains  (Canzacoli  delle  coste,  Ped- 
razzo),  large  masses  of  quartz  with  tourmaline  ;  its 
contact  renders  the  limestone  that  supports  it  gra- 
nular (at  the  depth  of  several  toises)  \  it  passes 
sometimes  to  a  ^froxenic  rock,  sometimes  to  a  por- 
phyry with  a  black  feldspathic  base,  sometimes  to 
serpentine,  (Marzari,  Cermi geohglci,  1819,  p.45,  j 
Id.  Nuevo  osservatore  Venezttmo,  1820,  No.  113. 
et  1S7'  i  Breislak,  Sulla  giacitura  delle  rocce  por- 
^ritiche  e  gramtose  del  Tirolo,  1821,  p.  32. 25.  52. ; 
Marzari,  Lettera  al  signor  Cordier,  1822,  p.  S. ; 
Maraschini,  Obs.  geogn.$ur  le  Vtcentin,  1822,  p.  I7.) 
Between  la  Piave  and  the  Adige,  an  agathiferous 
nianddstem,  which  reminds  us  of  those  of  the  red 
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sandstone,  surmounts  alpine  limestone ;  it  is  said 
to  be  a  parallel  fornaation  to  beds  of  secondary 
granite.  M.  Brocchi,  an  excellent  geognost^  who 
published  a  meraok  in  the  year  1811  on  the  valley 
of  Fassa,  has  not  only  seen  greenstone  partly  py- 
roxenic  cover  what  he  believes  to  be  transition 
limestones,  but  which  in  their  iipper  beds  pass  to 
alpine  limestone  with  silica ;  he  has  also  recognised 
those  pyroxenic  greenstones  as  alternating  with 
limestone.     (Mehgnon,  Fedaja.) 

I  here  state  very  extraordinary  facts  of  position, 
and  on  which  no  doubt  M.  de  Buch,  who  has  re- 
cently visited  the  valley  of  Fassa,  will  throw  new 
Ught.  The  relations  of  position  of  those  countries 
appear  very'  compKcated.  Is  the  rock  on  which 
greenstone  and  dolerites  are  interstratified  posi- 
tively zechstein,  or  does  it  belong  to  the  transition 
formation?  Are  these  greenstones  and  dolerites 
found  in  beds. or  in  veins?  Are  the  feldspathic 
granular  rocks  (called  syenites  and  granites  with 
three  elements)  oryctoghostically  analogous ',  to 
the  homonymous  rocks  of  Christiania,  or  are  they 
trachytes?  Admitting  that  the  superposition  of 
rocks  has  been  observed  with  precision,  and  that 
the  various  formations  have  been  properly  named 
we  should  here  see  repeated  in  secondly  form- 
ations, the  phenomena  which  MM.  de  Buch.and_ 
Haussmann  first  pubHshed  in  the  series  of  inter?- 
mediary  formations.  The  alternation  of  sediment- 
ary, arenaceous,  and  crystalline  rocks,  would  con- 
tinue, by  a  periodical  series,  as  far  as  towards  the 
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most  modern  formations.  We  already  know  from 
the  excellent  observations  of  MM.  Mac  Cullocli 
and  Bou^,  that  in  ScotUuid,  and  in  several  parts 
of  the  continent,  granular,  porphyritic,  syenitic 
and  pyroxenic  rocks,  extend  from  the  transition 
formation  to  the  coal-sandstone.  Alpine  limestone 
is  Immediately  superposed  on  the  formation  .of 
porphyry,  and  red  sandstone,  which  is  ge'ognosti- 
cally  connected  with  that  formation.  From  these 
statements  it  appears  to  me  that  it  would  not  be 
surprising  to  see  these  very  crystalline  (ainphi- 
t>olic  and  feldspathic)  beds,  which  we  have  already 
recognised  in  coal-sandstone,  interstratified  with 
alpine  limestone.  Positive  gec^osy  ought  to  pre- 
sent a  chain  of  facts  well  observed,  and  judiciously 
compared  together ;  it  does  not  show  that  the  re- 
petition of  certain  crystalline  types  stops  neces- 
sarily at  the  coal-sancbtone  J  the  observations  of 
Marzari  would  not  consequently  overthrow  any 
■geognostic  law.  ■  If  they  ace  confirmed  by  future 
'researches,  they  will  serve  to  enlarge  our  views 
respecting  the  curious  phenomenon  of  alternation 
in  formations  the  most  remote  from  each  other. 
As  veins  filled  with  greenstone,  syenites,  and  py- 
roxenic masses,  traverse  in  several  parts  of  the  two 
continents  primitive  granite,  clay^slate,  transition 
porphyries,  -secondary  limestones,  and  even  form- 
ations above  the  chalk,  several  celebrated  geo- 
"gnosts  have  suspected  that  the  problematic  rocks  of 
the  shores  of  tha  Avisio  (Lavas)  are  perhaps  yol- 
canic  masses  or  currents  of  lava  which  liave  pi'o- 
z  3 
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ceeded  from  below  (the  interior  of  the  earth) 
through  crevices.  This  suspicion  seems  strength- 
ened by  the  analogy  of  the  crystalline  rocks,  which, 
it  ia  asserted,  are  superposed  on  formations  of  very 
diiFerent  ages  (alpine  limestone,  limestone  of  Juia^ 
and  chalk) ;  but  the  great  massra  of  quartz  which 
enter  into  the  composition  of  the  rocks,  called  by 
MM.  de  Marzari  and  Breislak  secondary  gra^ 
niles,  seem  to  remove  these  problematic  rocks 
from  the  modem  productions  of  volcanoes.  Let 
us  hope  that  observations,  often  repeated  on  the 
spot,  will  dissipate  every  doubt.  Contemptuous 
incredulity  is  as  hurtful  to  sdence  as  a  too  great 
readiness  in  admitting  fiicts  incompletely  studied. 
We  must  chiefly  distinguish  between  the  masses 
(trachytic  ?)  which  are  spread  over  secondary  form- 
ations, .and  which  are  only  superposed  on  them, 
and  (amphibolic,  pyroxenic,  syenitic)  masses  with 
which  they  may  be  interposed.  Thi's  diference  of 
position  alone  may  he  the  object  of  a  direct  ob- 
servation ;  the  problem  of  the  origin  of  crystalline 
superposed  or  interposed  beds  belongs  to  geo- 
gony.  Many  very  MiciMit  rocks  are  perhaps  but 
strata  of  melted  matter,  and  the  geogonic  qa&- 
tions  to  which  the  rocks  of  Fasaa  give  rise  may  in 
part  be  applied  to  porphyries  and  pyroxaiic  gTe&a- 
stone  interposed  with  coal-sandatone.  We  must 
describe  in  ev^  formation  what  it  contains,  and 
by  what  it  is  characterised.  PoMtive  ge^fnosy 
stops  at  the  knowledge  of  positioDS. 
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III.  ARENACEOUS  AND  CALCAREOUS  DEPOSITES 
(mAULT  AND  oolitic)  PLACED  BETWEEN  THE 
ZECHSTEIN  AND  THE  CHALK,  AND  CONNECTED 
WITH  THOSE   TWO  FORMATIONS. 

In  ascending  from  the  transition  formation  by 
secondary  rocks  to  the  tertiary  formation,  the  phe- 
nomenon of  alternation  between  limestone  Mid 
arenaceous  beds  becomes  more  and  more  striking. 
We  first  see  the  intermediary  limestone  white  and 
crystalline  (Tarantaise),  or  compact  and  carburetted, 
alternating  with  grauwackes  ;  and  then  succeeded 
by  the  red  sandstone,  alpine  limestone  or  zechstein, 
variegated  sandstone  (red  marl),  muschelkalk  (lime- 
stone of  Gottinguen),  quadersandstein  (sandstone 
of  Konigstein),  limestone  of  Jura  (oolitic  forma- 
tion), gceexx  sandstone  or  secondary  sandstone  with 
lignite  (green  sand),  chalk,  tertiary  sandstone  with 
lignite  (plastic  day),  Parisian  limestone,  &c  &c 
I  must  here  call  to  mind  six  alternations  of  twelve 
intermediary,  secondary,  and  tertiary  formations 
(arenaceous  and  calcareous),  according  to  their  re- 
lative antiquity,  as  if  in  one  spot  of  the  earth  these 
rocks  were  all  simultaneously  developed.  By  the 
frequent  suppression  of  some  of  them,  particularly 
of  the  variegated  sandstone,  muschelkalk,  and  qua- 
dersandstein, the  Jura  limestone  (oohtic)  some- 
times reposes  immediately  on  the  alpine  lime- 
stone (Andes  of  Mexico  and  Peru,  Pyrenees, 
Apennines). 

The  deposites  which  we  unite  in  this  third  grand 
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division  (5S  29 — 33.)  form  nearly  the  whole  q/* 
the  middle  sedimefUary  formation  of  M.  Bronguiart 
I  hesitate  to  use  denominations  that  relate  to  limits 
so  differently  traced  by  modem  geognosts.  M. 
Conybeare,  in  the  excellent  work  he  has  lately 
published  in  conjunction  with  Mr.  Phillips,  on  the 
Geology  of  England,  distinguishes  the  formations 
into  supermedial,  medial^  and  submedial.  So  many 
systematic  divisions  perhaps  adds  to  the  difficulty 
which  the  synonymy  of  rocks  already  presents. 

CLAY  AND  VARIEGATED  SANDSTONE  (OOLITE-SAND- 
STONE,  SANDSTONE  OF  NEBEA  J  NEW  EED  SAND- 
STONE, AND  RED  MARj:.)  WITH  GYPSUM  AND 
BOCK-SALT. 

§  29.  The  sandstone  ofNebra,  or  variegated  sand- 
stone (Thuringia),  and  the  red  marl  of  England 
-(from  the  banks  of  the  Tees  in  Durham,  as  far  as 
the  soudiem  coast  of  Devonshire)  are  not  only 
parallel  formations,  that  is,  of  tlie  same  age  and 
occupying  the  s^ne  place  in  liie  series  of  rocks ; 
they  are  identical  formations.  The  first,  poor  in 
petrifactions  (^Strombites  speciosus,  Pectlnites  Jra- 
gilis,  MytuUtes  recens,  Gryphites  spiraius,  Schl.),  is 
a  formation  composed  of  three  series  of  alternating 
beds ;  V,  clays ;  S°,  micaceous  and  slaty  sandstone, 
with  masses  of  clay  in  flattened  and  lenticular  iQims 
(thongaUen) ;  &",  oolite,  generally  reddish-brown. 
We  find  in  the  variegated  sandstone  of  the  conti- 
nent,  in   subordinate  beds,   gypsum   (thongyps). 
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somettnies  lamellar,  most  ^equently  fibrous,  and 
without  fetid  limestone.  We  have  seen  above,  that 
in  Gennany  and  France  a  great  number  of  salt- 
springs  flow  over  beds  of  clay  and  gj'psum,  and 
that  at  Thiede,  between  Wolfenbuttel  and  Bruns- 
wick, as  well  as  at  Suiz  near  Heilbronn,  small 
masses  of  rock-salt  are  disseminated  in  that  form- 
ation^  which,  at  Suiz,  was  reached  by  soundings 
after  the  muschelkalk  and  before  the  zechstein. 
Tlie  red  marl  (red  ground,  red  rock,  red  ford)  so 
well  examined  by  MM.  Winch  and  Greenough, 
destitute  of  petrl&ctions  and  ooUtic  beds,  and  di- 
vided by  fissures  into  rhomboidal  masses,  is  in 
England  the  real  position  of  rock-salt ;  it  is  com- 
posed, in  its  upper  beds,  of  marly  clay,  gypsum 
(alabaster),  and  salt  (Witton  near  Norwich  j  Droit- 
wich)  J  and  in  its  inferior  beds,  either  of  conglo- 
merates with  pebbles  of  primitive  and  transition 
rocks,  or  of  fine-grained  sandstone  (between  Exeter 
and  Axminster).  The  rock-salt  of  England,  Lor- 
raine, and  Wurtemberg,  connects  the  formation  of 
sandstone  and  variegated  clay,  towards  the  lower 
part,  with  the  zechstein  or  alpine  limestone  j  to- 
wards the  upper,  in  the  north  of  Germany,  this 
formation  passes  to  muschelkalk,  of  which  the  most 
ancient  beds  are  a  little  arenaceous.  It  may  be 
also  said,  that  the  oolites  of  the  variegated  sand- 
stone (Eisleben,  Endebom,  Brundel)  and  its  marls 
precede  the  Jura  formation ;  but  these  reddish-brown 
oolites  are  insensibly  lost  in  an  arenaceous  rock  j 
they  differ  essentially  from  the  white  and  yellowish- 
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MthitA  oolites  of  the  Jura  limestone.  Oa  the  con- 
tinent the  variegated  sandstone  is  very  distinct 
from  the  zechstein,  notwithstanding  tiie  traces  <^ 
salt  by  which  it  is  allied  to  the  latter  formation }  in 
England,  the  red  marl,  magneuan  limestone  and 
the  conglomerates  of  Exeter  and  Teignmouth  (De- 
vonshire), which,  under  the  name  of  nejv  red  con- 
glomerate, represent  the  coal-sandstone  of  Mans- 
feld,  are  as  closely  connected  together  as  the 
deposites  of  coal  with  the  transition  rocks  (moun- 
tain limestone  ^id  old  red  sandstone). 

In  describing  above  the  red  sandstone  of  New 
Grenada,  I  considered  the  gradations  of  composition 
and  structure  which  distinguish  that  coal  formation 
irom  the  variegated  sandstone  (bimte  sandst^), 
with  respect  to  the  interposed  beds  of  sand,  daty- 
clay,  and  coarse  conglomerates.  These  con^om^ 
erates,  which  characterise  the  lower  beds  of  the  red 
mar},  reappear  in  the  chain  of  the  Vosges.  The 
upper  beds  of  the  variegated  sandstone  are  £^een, 
and  are  supposed  to  be  coloured  by  nickel  and 
chrome ;  they  are  sometimes  mixed  with  small 
laminffi  of  sulphate  c£  barytes  (Mariaspring  near 
Gottinguen). 

Subordinate  beds  :  1°,  clay-gypsum,  a  little  chlo- 
ritic,  with  aragouite  (Bast^e  near  Dax),  rock 
ciystals,  colourless  (Langensalze,  WimmeJburg), 
or  red  (Dax),  and  with  disseminated  sulphur  (be- 
tween Gnolbzig  atul  Naundorf ).  This  gypsum  was 
formeriy  regarded  as  a  particular  f<»-mation  placed 
^tween  the  variegated  sandstone  and  muschelkalk 
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(Cresfeld  and  Helbra  in  Saxony,  Dolau  in  Fran- 
conia,  Neuland  near  Lowenberg  in  Silesia,  Ama- 
jaque  in  Mexico)  ;  2%  limestone  in  thin  beds,  some- 
times marly,  sometimes  containing  magnesia ;  3°, 
clay  impregnated  with  mineral  pitch  (Kleinschep- 
penstedt  near  Brunswick) ;  4%  sand  (triebsand), 
with  great  chamites  and  petrified  wood  (Burgor- 
ner) ;  5°,  very  quartzose  sandstone,  almost  without 
any  visible  cement,  extremely  characteristic  not 
only  of  the  variegated  sandstone,  but  of  the  plastic 
clay  that  surrounds  the  strata  of  basalt ;  6°,  brown 
iron  often  in  g^odes  j  7°»  traces  of  coal,  perhaps 
even  of  lignite>  which  must  not  be  confounded 
with  the  analogous  deposites  of  the  quadersandstein, 
and  secondary  and  tertiary  sandstone  with  lignite 
(below  and  above  the  chalk).  It  is  averted,  that 
branches  of  carbonised  trees  have  been  found  in 
the  clays  with  gypsum  of  Oberwiederstedt  in  Thu- 
ringia ;  and  in  feet,  liie  argentiferous  schists  of 
Frankenberg  (Hesse),  which  are  nothing  more  than 
carbonised  phytolites,  penetrated  by  metals,  appear 
to  many  geognosts  to  belong  to  the  variegs^d 
sandstone.  M.  Bou^,  whose  obliging  communica- 
tions have  often  enriched  my  labours,  observes  that 
the  variegated  sandstone  exists  us  outliers  in  the 
south-west  of  France,  and  is  there  represented  by 
marl  and  fibrous  or  compact  gypsum  (Co^ac,  S. 
Froult  near  Rochefort),- and  is  sometimes  imme- 
diately covered  by  Jura  limestone  and  coarse  clay. 
The  variegated  sandstone  has  assumed  a  consider- 
able developement  at  the  foot  of  the.  Pyrenees, 


jbyGoogIc 


between  S.  Giron  amd  Rimont  As  in  that  part  of 
the  Andes  which  I  passed  over,  the  secondary 
formations,  that  is,  those  which  are  above  the  alpine 
limestone,  are  scarcely  at  all  developed,  I  think  I 
clearly  distinguished  the  variegated  sandstone  only 
in  the  following  places. 

■  At  Mexico,  in  descending  mountains  composed 
of  intermediary  porphyry,  and  eminently  metalli- 
ferous, (Real  del  Monte  and  Moran)  towards  the 
tot  baths  of  TotonUco  el  Grande,  a  considerable 
formation  of  bluish-grey  limestone  occurs,  almost 
free  from  shells,  generally  compact,  but  containing 
very  white  granular  beds  which  are  coarse-grained. 
This  limestone,  celebrated  for  its  caverns'  (Danto 
or  the  pierced  Mountain),  and  traversed  by  veins 
of  sulphuret  of  lead,  appears  to  me  to  be  a  trans- 
ition formation.  It  is  covered  by  another  form- 
ation that  is  whitish-grey  and  entirely  compact, 
resembling  zechstein.  On  the  latter  argillaceous 
sandstone  reposes  (bunte  sandstein),  the  upper 
layers  of  which  are  (near  Amajaque)  clays  witli 
lamellar  gypsum.  I  am  of  opinion  that  sandstone 
containing  flattened  masses  of  clay  (thongallen), 
near  Veracruz,  and  (Acazonica)  ^so  finefoUated 
"gypsum,  belongs,  like  the  gypsum  o£  Amajaque, 
to  the  variegated  sandstone.  Perliaps  this  formation 
of  Veracruz  turns  round  the  eastern  coast,  and  is 
connected  with  the  limestone  deposites  of  Nuevo- 
Leon,  which  are  rich  in  argentiferous  galena. 

In  the  Llanos,  or  steppes  of  Venezuela,  the  clay- 
gypsum  (Cachipo,  Ortiz)'  is  certainly  posterior  to 
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the .  coal-saridatone  J  but  if  the  hmestone  which 
separates  it  (between  Tisnao  and  Calabozo),  far 
from  being  zeehstein,  is,  as  its  smooth  fracture 
and  its  resemblance  to  Uthographic  limestone  seem 
to  indicate^  of  the  Jura  formation,  these  gypsums 
of  the  Llanos  must  be  still  more  modem  than  those 
of  the  variegated  sandstone.  At  Guire  (eastern 
coast  of  Cumana)  a  white  and  granular  gypsum 
(Jurassic  ?)  contains  large  masses  of  sulphur.  Sali- 
ferous  clay  mixed  with  gypsum  and  petroleum  of 
the  peninsula  of  Araya,  opposite  to  the  Isle  de  la 
Marguerite,  is  placed  between  zeehstein  and  a 
tertiary  formation.  Gypsum  being  contained  in  the 
latter  formation. (hill  of  the  chateau  St.  Antoine, 
at  Cumana;  plains  between  Turbaco  and  Car- 
thagena),  it  might  be  thought  that  the  saliferous 
clays  of  Araya  are  much'  more  recent  than'  red 
marl  or  variegate*!  sandstone.  But  I  dare'not  pro- 
nounce with  confidence  on  the  age  of  these  form- 
ations, in  the  absence  of  so  many  rocks  that  we  find 
elsewhere  placed  between  the  zeehstein  and  the  ter- 
tiary formation.  The  gypsum  which  I  examined 
in  the  interior  of  New  Grenada  (table-land  of  Bo- 
gota ;  Chaparal  at  the  west  of  Contreras  (appeared 
to  me  to  be  of  the  alpine  limestone  formation. 
.  When  we  examine  the  fonnation  §  29.  in  coun- 
tries remote  from  each  other,  we  find/the  deno- 
minatioh  of  variegated  sirndstonedisiTapio^eTzatYiQ 
denomination  of  red  sandstone  ;  we  may  substitute 
for  the  latter  that  of  coid-sandstone,  in  recollecting 
one  of  the  most  general  and  positive  results  of 
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modern  geognosy.     It  were  to  be  w^ed  that  a 

geognost  of  great  authority  would  substitute  a 
geographical  name  for  that  of  variegated  sandstone 
or  sandstone  with  brown  oolite.  Till  then  I  shall 
continue  to  use  the  denomination  of  sandstone  qf 
Nebra. 


MUSCHELKALK  (SHELLT  LIMESTONE  ;   LIMESTONE 

OF  gottinguen). 

§  30.  A  formation  very  little  variable,  and  which 
the  too  vague  denomination  of  thelhf  limestone 
has  caused  to  be  conibunded,  out  of  Ga*many, 
with  the  inferior  or  superior  beds  of  Jura  limestone 
(with  lias,  forest  marble,  and  Portland  stone).  It  is 
well  characterised  by  its  more  simple  structure,  by 
the  immense  quantity  of  shells,  pu^y  broken,  which 
it  contains,  and  by  its  position  above  the  sandstone 
of  Nebra  (bunte  sMidstein)  and  below  quadersand- 
Btein,  by  which  it  is  separated  from  the  Jura  lime- 
stone. It  covers  a  vast  part  of  the  north  of  Germany 
(Hanover,  Heinberg,  near  Gottinguen  ;  Eichsf^d, 
Cobourg,  Westphalia,  Pynnont,andBie]feld),  where 
it  is  more  abundant  than  zechstein  or  alpine  lime- 
stone. It  extends,  in  the  south  of  Germany,  over 
the  whole  table-land  between  Hanau  and  Stutgiu-d. 
In  France,  wliere  notwithstanding  the  great  and 
useful  labouni  of  M.  Omalius  d'Halloy,  the  second- 
ary ibnnations  below  the  chalk  have  been  so  long 
neglected,  MM>  de  Beaumont  and  Bou6  recognised 
it  around  the  whole  chain  of  the  Vosges.  Muschel- 
19 
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kalk  has  generally  pale  tints,  whitish,  greyish,  or 
yellowish,  of  a  dull  and  compact  fracture ;  but 
the  mixture  of  small  laminje  of  calcareous  spar, 
produced  perhaps  by  the  remains  o£  petrifactions, 
renders  it  sometimes  a  little  granular  and  brilHant  ^ 
several  beds  are  marly,  arenaceous,  or  passing  to 
the  ooUtic  structure  (Seeberg  near  Gotha ;  Weper 
near  Gottinguen,  Preussisch-Minden,  Hildesheim). 
Homstone,  passing  to  gun-flint  and  jasper  (Drans- 
feld,  Kandern,  Saarbriick),  is  either  disseminated 
by  nodules  in  muschelkalk,  or  there  form  small 
beds  little  continued.  The  lower  beds  of  this 
formation  alternate  with  the  variegated  sandstone 
(between  Bennstedt  and  ^elme),  or  are  connected 
insensibly  with  sandstone,  being  charged  with  sand, 
clay,  and  even  (at  the  east  of  Cobourg)  with  mag- 
nesia (magnesiferous  beds  of  muschelkalk). 

Subordinate  beds.  Marl  and  clay,  so  frequent  in 
the  Jura  limestone,  variegated  sandstone,  and 
zechstein,  are  somewhat  rare  in  the  muschelkalk. 
This  rock  contains,  in  Germany,  hydrate  of  iron, 
a  little  fibrous  gypsum  (Sulzbourg,  near  Naum- 
bwiig),  and  coal  (lettenkohle  of  Voigt  j  at  Matt- 
stedt  and  Eckardsberg  near  Weimar)  mixed  with 
luminous  slate  and  carbonated  fruits  (coniferes  ?). 
The  more  the  coal  advances  towards  the  tertiary 
formations,  the  nearer  it  approaches,  at  least  in 
some  of  its  beds,  to  the  state  of  lignite  and  alu- 
minous earth. 

PetrifactiMW.  According  to  the  researches  of 
M.  d«  Schlottheim,  and  rejecting  the  beds  that  do 
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not  belong  to  the  muschelkalk :  Ckamites  striahis,. 
Belemmtes  paaiUosus,  Ammonites  amaUeus,  A.  no-^ 
dosus,  A.  angulatus,  A.  papyraceuSt  Nautilites 
binodatus,  Buccinites  gregarius,  TrochiUtes  kevis, 
TwUtiites  cerithius,  MyacHes  ventricosus,  Pecti- 
mtes  retictdatus,  Ostracites  .spondyloides,  Terebra- 
tuUtes  fragiUs,  T.  vulgaris, .  Gryphites  cymbium, 
G.  suillus,  Mytidites  sociaUs,  Pentacrimtes  vulga- 
ris, Encrimtes  tiUybrmis,  &c.  Some  insulated 
beds  of  Jura  limestone  contain  perhaps  still  more  - 
petrifactions  than  the  muschelkalk ;  but  the  remains 
of  organised  bodies  abound  in  no  secondary  form- 
ation so  uniformly  as  in  that  which  we  have  just 
described.  An  immense  quantity  of  shells  partly  . 
broken  and  partly  in  good  preservation,  but  ad- 
hering strongly  to  the  stony  matter  (entrochites,' 
turbinites,  strombites,  mytulites),  are  accumulated 
in  several  strata  from  20  to  25  millimeters  thick, 
which  traverse  muschelkalk.  Many  species  are 
found  united  by  families  (belemnites,  terebratu- 
lites,  chamites).  Between  these  eminently  shelly 
strata  are  distributed  ammonites,  turbinites,  some 
terebratulites,  of  which  the  shells  have  still  theb . 
nacre,  the  Grypfusa  cymbitan,  and  very  fine  penta- 
cnnites.  Corals,  echinites,  and  pectinites  are  rare. 
The  abundance  of  entrochi  in  muschelkalk  has  occa- 
sioned them  to  give  to  that  formation,  in  some  parts 
of  Germany,  the  namQ  oi  limestone  mtk- entrochi 
(Irochitenkalk).  As  a  bed  of  entrochi  often  cha- 
racterises zechstein  also,  and  separates  it  from  the 
coal-sandstone,  this  denomination' may  occasion  two 
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very  distinct  formations  to  be  confounded  together. 
The  denomination  of  limestone  teith  graphites 
(graphytenkalk  of  zechstein  and  of  the  Jura  lime- 
stone), and  all  those  which  bear  allusion  to  fossil 
bodies,  without  indicating  the  species,  expose  US' 
to  the  same  dangec  It  is  asserted  tliat  mus- 
chelkalk  contains  the  bones  of  large  animal» 
(oviparous  quadrupeds  ?  Freiesleben,  t.  i.  p.  74., 
t.  iv.  p.  24.  305.)  and  birds  (ornitholitesof  Heim- 
berg ;  Blumenbach,  Naturgesch,  t  iii.  Ai^.  p.  663.)  j 
but  these  bones  may  probably  belong,  like  the  teeth 
of  fish,  to  the  breccias  or  marls  superposed  on 
muschelkalk  ? 

Some  celebrated  English  geognosts,  MM.  Buck- 
land  and  Conybeare,  thought  they  recognised,  in 
their  travels  through  Germany,  the  muschelkalk  of 
Werner  as  identical  with  the  lias,  which  is  the  lower 
bedof  the  Jura  limestone.  laminclinedtotbinkthat, 
notwithstanding  the  bluish-grey  ooUtes  observed  in 
the  muschelkalk  on  the  banks  of  the  Weser,  there 
is  rather  a  paralleUsm  than  an  identity  of  form- 
ation. The  muschelkalk  occupies  the  same  place 
as  the  lias ;  it  abounds  equally  in  ammonites,  tere- 
bratulites,  and  encrinites  j  but  the  species  of  fossils 
differ,  and  its  structure  is  much  more  simple  and 
uniform.  The  strata  of  muschelkalk  are  not  sepa- 
rated by  the  blue  clays  that  abound  in  the  upper 
and  lower  layers  of  the  lias  formation.  The  middle 
beds  of  that  formation  have  a  smooth  dull  fracture, 
and  resemble  much  more  the  lithographic  varieties 
of  Jura  limestone  than    the  muschelkalk  of  Got- 
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tinguen,  Jena,  and  Eichsfeld.  M.  d'Aubuisson 
thinks  that  this  latter  formation  is  represented  in 
England  by  the  Portland  stone,  cornbrash,  and 
forest  marble  j  but  whatever  analogy  these  beds  of 
maily  limestone  with  shells  partly  broken  (forest 
marble)  may  present,  we  must  recollect  that  they 
alternMe  with  formations  altogether  oolitic,  and 
are  separated  from  the  red  marl  by  the  lias,  exactly 
aA  oolitic  Jura  limestone  is  separated  by  muschel- 
ksilk  frdm  the  variegated  sandstone.  M.  Eou^ 
recognised  muschelkalk  in  Prance,  in  the  table- 
land of  Burgundy,  near  Viteaux  and  Coussy-les- 
Forges,  and  near  Dax  in  the  commune  of  S.  'Pan 
de  Lon,  &c.  I  did  not  observe  it  in  the  equi- 
rioxial  part  of  America.  The  very  arenaceous  beds, 
filled  with  madrepores  and  bivalve  shells,  of  the 
coast  of  Cumana  and  Carthagena,  which  I  formerly 
thought  were  connected  with  them,  are  probably 
tertiary  forrnations. 

QUADEBSANDSTEIN   (SANDSTONE    OF   KONIGSTEIN). 

5  31.  A  very  distinct  formation  (banks  of  the 
Elbe,  above  Dresden,  between  Pima,  Schandau  and 
Kflnigstein;  between  Nuremberg  and  Weissenberg; 
Staflfeistein  in  Franconia;  Heuscheune,  Adersbach; 
Teulels-mauer  at  the  foot  of  Hartz ;  valley  of 
the  Moselle,  and  near  Luxembourg ;  Vic  in  Lor- 
raine ;  Nalzen  in  the  province  of  Foy,  and  Navar- 
reins,  at  the  foot  of  the  Pyrenees),  characterised  by 
M.  Hausamann,  and  long  confounded  either  with  the 
quartzose  varieties  of  the  variegated  sandstone,  and 
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the  san,dstOBe  of  the  plastic  clay  (trappgaadstein), 
or  with  the  sandstone  of  Fontaine;bleau,  above  the 
calc^.^  grossier  of  Par b ;  it  is  the  white  sandstone 
,Qf  M.  -de  JSouiiard,  the  sandstone  of  tjiird  form- 
fttioo  of  M.  4'Auhiussonf  P^-efer^g^OgrajAical 
idenomlp^tions^  I  oiten  .name  this  fonuatiod,  ^md- 
Atone. ^^'onigsifim;  .the  yari^ted  sandstone,  smd- 
iipne  ^N£br(i/  ?nd  tfae  n[iua<;helkalk,  ,theifn?e*<ftne 

The  ,gu04eEBandst^  is  -of  a  yi^hitiah,  yeMomb, 
!Qr  greyish  col^r,  very  iine^grained,  ,wi,th  m 
,argill^c^^3  or  .guartijope  Qement,  almost  inyisible. 
jyticais^tii^ejittle  abim^aflt,  alway?  silvery,  and 
disseminated  ,in  iflsula^ed  .^angles.  It  is  .destitute 
-both  .ftf  J;hpse  intecposed.b^ds  of  ooKte,  and  of  those 
.flattened  lOr  lenticular  .nj^ss^  of  clay  (thqngaUen) 
twhlch  ch^^qterise  the  .ya^egated  jsi^dstone.  Itia 
.never  sl^ty,  b,\it  .clivided  ,into  beds  little  .inqlined, 
•very  ?thiok, ,  cut  .at  ,right ,  angles  by  fiasmes,  and  some 
.of  wiiich  easily  decompose  intovety  iine^sand.  i^t 
cont^pS  hydrate  of  iron  (Metz)  dippo^d  in  oodules. 
The  .organic  ^repaains  disseminated  ip  thip  form- 
ation afford,  acCQrding  to  MM>  fie  Schlottheini, 
i|au33maan,  and[Raumer,  ap  ei(traordinary  piixtuce 
^of pel^c  ^heU3,^very  aa^logQpg  to.those  of  tde.mw^ 
cheilfalji;  ^n^^icpty^edpp  phytqlites.  There  .h^ve 
rbeen  ;found  in  it  .mytulites,  telljnites,  pectinites, 
tprritellK,  .oysters  (no  ammonites,  but  cerithia; 
Hahelechwerd,  Alt-Lomnitz  in  Silesia),  and  at  the 
.san^e  tipie.wood  of  the  palm-tree,  and  impressions 
of  leaves  belonging  to  the  class  of  dicotyledons,  and 
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Small  deposites  of  coal  ( Deister,  Wefersleben 
near  Quedlinbourg),  well  dracribed  by  MM.  Rett- 
berg  and  Schulze,  passing  to  lignite.  These  ves- 
tiges of  wood,  of  a  bituminous  quality,  may  na 
doubt  surprise  us  in  a  formation  so  far  removed 
from  the  great  formation  of  lignite  which  is  placed 
between  the  chalk  and  coarse  Parisian  limestone ; 
but  recent  observations  show  us  traces  of  true  lig- 
nite as  far  as  in  the  limestone  with  gryphsa 
arcuata  below  the  lias  (le  Vay,  coast  of  Caen),  and 
as  far  as  the  variegated  sandstone.  The  coal  of 
inferior  quality  in  the  muschelkalk,  and  conse- 
quently of  a  more  ancient  formation  than  the 
quadersandstein,  passes  also  to  lignite. 

M.  de  Raumer  had  also  observed  that  the 
quadersandstein  is  separated  from  the  varie- 
gated sandstone  by  muschelkalk  (limestone  of 
Gottinguen)}  it  is  placed  between  this  lime- 
stone and  that  of  Jura,  and  consequently  below 
the  great  ooUtic  formations  of  England  and  the 
continent.  We  cannot  consider  it  in  this  position, 
with  M.  Keferstein  (see  hjs  interesting  Essay  on  the 
Mineralogical  Geography  of  Germany,  t.  i.  p.  12. 
&  48.),  as  parallel  to  the  molasse  of  Argovia 
(mergelsandstein),  which  represents  the  plastic  clay 
(tertiary  sandstone  with  lignite)  above  the  chalk. 
The  nature  of  the  vegetable-remains  contained  ui 
the  quadersandstein,  and  its  connection  with  the 
planerkalk,  which  belongs  to  the  chloritic  and 
arenaceous  beds  of  the  chalk,  has  led  several  cele- 
brated geognosts  to  regard  it  as  a  formation  poste- 
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rior  to  Jura  limestone;  thus,  it  is  placed  by 
MM.  Buckland,  Conybeare,  and  Philipps,  between 
the  chalk  and  the  last  oolitic  beds.  But,  according 
to  the  observations  of  M.  Bou6  and  severd  other 
celebrated  geognosts  of  Gennany,  the  quadersand- 
stein  (sandstone  of  K6nigstein),  alternating  some- 
times with  marly  beds  and  conglomerates,  reposes 
immediately  on  gneiss  near  Freiberg ;  on  coal-sand- 
stone in  Silesia  and  Bohemia  ^  on  variegated  sand- 
stone (sandstone  of  Nebra)  near  Nuremberg  in 
Franconia ;  on  muschelkalk  (limestone  of  Gottin- 
guen),  Hildesheim  and  Dickholzen  near  Helmstadt, 
and  near  Schweinflirt  on  the  Mein.  It  is  covered 
by  Jura  limestone,  and  alternates  with  the  marly 
beds  of  that  limestone,  in  Westphalia,  between 
Osnabriick,  Biel&ld,  and  BUckebourg. 

JURA     LIM^TONE    (lIAS,    MARLS,    AND    THE    GREAT 
OOLITIC  DEPOSITES). 

§  33.  A  very  complex  formation,  composed  of 
alternating  beds  of  marly  and  oolitic  limestone, 
containing  gypsum  and  a  little  sandstone.  The 
mode  of  partial  alternations,  tiiough  very  constant 
in  every  locality,  varies  in  countries  of  considerable 
extent ;  we  recognise,  however,  on  the  most  dis- 
tant points  of  Europe,  a  striking  analogy  between 
the  great  divisions  or  principal  beds.  In  the  series 
of  formations,  the  n&irest  of  secondary  rocks,  the 
limestone  of  Jura  (Jvrassus)  is  placed  between  the 
quadersandstein  and  the  chalk.      The  latter  even 
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^963  into'  it  insettsibly,  and  may  ofte'o  be  con- 
sMered,  by  the  sitsic^  of  its  fossils,  as  a  cbntimi- 
atioR  of  the  iursi  Kinestone.  The  SuperjfCKitiOfl  of 
iias  limestone  on  the  qnadersandstein,  so'  toflg 
contested^,  i*  s^ii  in  Gerinany,  aecordirtg  t& 
M.  Sehmitzi  neai  Wilsbonrg;  according  to  M. 
BoOi,  near  Bhrmetifoth  Staflfelstriil,  and  betWeeft 
Oshabmili:  arid  B&ckebonrg.  When  the  three  forflo^ 
aitions  of  qdadersatidistein,  Irmschdkalk,  and  -vArie- 
gated  sandstone,  are  not  Siiimltdneonslj'  developed, 
the  Jtira  fimestoii^,  by  the  _suppfeSsftJii  of  the 
intermediary  members  of  the  geogirctetic  series 
nhmediatefy  covers  the  zechstein,  oi'  sipifie  ifitte. 
stone.  In  that  case  (nOrtherri  detifivitj  of  tfee 
Fyrteri^sj  Apennines,  between  J^sSOiribrontf,  Farf^ 
and  Nocera  j  CbrdiOeraS  of  Mexice^  betWeeft 
Zumpango  and  Tepecuacuilco),  we  see  the  latter 
pasft  insenably  to  a  whitish  limestone  with  an  even 
dull  ii-acture  (Or  eonefaoidal  witii  very  flattened 
cavities),  which  cannot  be  distinguished  from  the 
compact  beds  of  the  Jura  limestone  destitat«  of 
■ooUtes.  This  passage,  with  which  M.  Gharpcnder 
was  also  struck  in  the  south  of  Firmer  itterits  d 
very  attentive  examination.  Notwithstanding  the 
great  difference  which  exists  between  the  fbss2  re-- 
mmns  of  the  musdielkalk  and  Jufa  limestone  tJie 
last  secondary  formations  are  closely  connected 
together  j  and  we  niust  not  be  surprised  that  in  a 
series  a,  j^  y,  E,  t,  the  formation  »  (zec^istein)  mdces 
a  passage  to  i  (Jura  limestone),  on  account  of  the 
frequent  suppression  of  the  terms  jS,  y,  8  (that  is,  of 
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tile  variegated  sandstone,  muschelkalk,  and  quader- 
sandfitein).  The  arenaceous  formations,  0  and  S,  at- 
temate  with  clay  and  marl  more  or  less  abundant,  so 
that  by  a  great  developement  of  thetr  disaggregated 
beds  these  reduce  the  stony  strata  to  the  state  of 
simple  interposed  beds,  and  end^  as  it  happens  in  the 
w^t  of  France,  by  filling  up  the  whole  interval 
between  «  and  f. 

Jura  limestone  covers  witliout  interruption  a 
great  extent  of  country,  irom  the  chain  o£  the 
Alps  as  iar  as  the  centre  of  Gernumy,  from  Geneva 
as  fkr  as  Streitberg  and  Muggendorf  in  Fruiconia. 
This  formation  ciHitaining  caverns  towards  the 
north  with  fossil  btme^  has  singularly  arretted  the 
attention  of  the  German  geo^iosts-  M.  Werner 
considered  it  as  identical  with  the  mu^ehelkalkt  I 
observed  since  the  year  179S,  that  it  diiSea  &«n  ft 
essentially,  and  I  proposed  to  deugnate  it  by  the 
name  of  limestone  of  Jura,  on  account  of  the  per- 
fect an^gy  that  exists  between  the  western  mouo- 
talns  of  Switzerland  and  those  of  Franconia.  This 
denomination  is  now  generally  received ;  but  it  has 
been  proved  that  the  Jura  limestone,  instead  of 
being  placed  below  the  variegated  sandstone  (as  I 
had  erroneously  beUeved  with  the  greatest  number 
of  geognosts,  confounding  this  sandstone  with  the 
molasse  of  Argovia  and  the  sandstone  of  Dondorf 
and  Misaelgau  near  Bareuth),  is  more  recent  than 
the  variegated  sandstone,  muschelkalk  (Bindloch), 
and  quadersandstein  (Schwandorf,  Phantmsie  (  ?  ^ 
and  Nuremberg).     This  interposition  between  the 
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quadersandstein  and  the  chalk,  which  is  founded  on 
direct  observations,  e:iplains  very  well  the  gradual 
passage  (mountain  of  S.  Pierre  near  Maestricht), 
of  the  craie  tuffbau  to  the  Jura  formation.  The 
name  often  given  to  the  latter  of  cavernous  lime- 
stone (hoJilenkaJk)  may  lead  to  erroneous  com- 
parisons.  We  must  distinguish  between  formations 
of  which  the  whole  mass  Is  cellular  and  full  of  cavi- 
ties, and  rocks  with  caverns.  Several  of  these 
rocks  containing  vast  caverns  are  neither  porous 
nor  cellular.  The  transition  limestone  (mountain 
limestone  of  Derbyshire)  would  deserve  in  England 
and  Hartz,  almost  as  much  as  that  of  Jura,  the  ap- 
pellation of  cavern  limestone.  Rauchkalk  and 
rauchwacke,  -on  the  contrary,  which  form  the 
middle  layers  of  the  zechstein  in  Thuringia,  and 
which  were  erroneously,  thought  to  be  parallel  to 
the  Jura  limestone,  are,  like  the  latter,  full  of  sm^ 
cavities  from  2  to  10  lines  of  diameter  in  a  very  con- 
nderable  extent  of  beds,  without  having  on  that 
account  any  real  caverns.  The  phenomenon  of 
caves  and  that  of  the  porosity  of  the  mass,  are  not 
necessarily  united ;  they  are  modifications  which, 
far  .from  characterising  any  particular  formation, 
are  found  in  formations  that  are  very  different  from 
each  other. 

Although  the  partial'bedsthat  compose  the  Jura 
limestone  on  the  continent  are  very  unequally  de- 
veloped, and  that  the  order  of  their  succession 
often  varies,  we  constantiy  remark  a  certain  num- 
ber of  distinct  beds  spread  over  a  very  considerable 
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extent  of  country.  We  shall  name  them  here,  be- 
ginning by  the  most  ancient ;  marly  limestone  (and 
very  hard  calcareous  marls),  greyish-blue,  analo' 
gous  to  the  lias  of  England  (according  to  MM. 
Bou^  and  BuCkland,  Essat  g^ogn.  sur  PEcosse, 
p.  201.,  and  Struct,  of  the  Alps,  p.  17- )>  sometimes 
traversed  by  veins  of  calc-spar  filled  with  the  gry- 
phsea  arcuata,  yellowish-grey  oolites  alternating  with 
marl  partly  bituminous,  and  with  gypsum ;  com- 
pact limestone  with  a  smooth  and  dull  fracture^ 
and  white  oolites ;  beds  filled  with  madrepores 
analogous  to  the  coral  limestone  of  Normandy  and 
the  coral  rag  of  England ;  slaty  limestone  with  fish 
and  Crustacea  (Pappenheim  and  Solenhofien).  The 
lower  bed  of  this  complex  formation  is  particularly 
marked  in  France  (Burgundy),  and  in  the  south  of 
Oennuiy  (Wurtemberg),  by  the  name  of  limestone 
with  gryphites  ;  but  some  geognosta  seem  indined 
to  separate  this  bed  from  the  limestone  of  Jura, 
considering  it  with  MM.  de  Buch  and  Brongniart, 
as  belonging  to  the  zechstein,  or  with  M.  Keferstein, 
as  being  parallel  to  the  muschelkalk.  Here  an  im- 
portant question  arises,  that  of  knowing  in  what 
relation  of  position  and  composition  the  limestone 
with  gryphites  of  Jura  is  found,  with  that  which 
bears  the  same  name. in  the  north  of  Germanyi  and 
which  M.  Voigt  has  made  known  since  the  year 
1792  ?  A  great  analogy  between  the  nearest  beds 
of  two  formations  sometimes  immediately  super- 
posed to  each  other  has  nothing  in  it  suriwising ; 
the .  same  species  of  gryphaea  may  occur  in  very 
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distinct  formaitiom  still  more  remote  from  each 
other,  but  the  geognostic  connection  observed  be- 
tween limestone  with  the  giyphaea  arcuata,  alternat- 
ing with  marl,  and  the  other  lower  beds  of  the 
Jura,  make  me  lean  to  the  opinion  that  this  lime- 
st<Hie,  and  that  of  the  gryphsea  with  spines  (gryphi- 
tenkidk  of  Vragt),  placed  beneath  the  variegated 
sandstone,  are  not  of  the  same  formation.  M. 
M^riani  in  his  excellent  MoD<^n^y  of  the  vicinity 
of  Bale,  states  also  this  opinion,  and  regards,  like 
M.Haussmann,  the  argillaceous  sandstone  of  Rhein- 
felden,  on  which  the  Jura  limestone  r^ioses,  as  the 
variegated  sandstone  i  while  M.  de  Buch  (M^rian^ 
Umgeb.  von  Basely  p.  1 10.)  takes  it  for  the  ooal- 
sandstone,  and  supposes  diat,  by  the  non-develope- 
memt  erf*  the  variegated  suidstone,  the  oolitic  and 
lithographic  beds  of  the  Jnra  repose  in  that  locality 
immediate^  on  die  gryphite  beds  that  bel(Mig  to 
the  zecfastem.  I  have  considered  it  as  my  duty  ia 
this  essay  to  state  the  opinions  of  the  most  cele- 
brated geognosts,  even  when  they  are  opposite  to 
my  own. 

It  is  indubitable,  and  what  we  think  useful  again 
to  mention,  that  the  Jura  limestone  which  near 
Laufenbourg  reposes  on  granite,  at  Schwarzw^d 
on  red  or  coal  sandstone,  and  near  Geneva  on 
alpine  limestone,  is  in  the  centre  of  Germany  placed 
on  the  quaders^mdstein.  The  superposition  <^  a 
rock  on  the  latest  fonnati<m  determines  its  place  as  a 
term  of  the  geognostic  series.  We  generally  see  in 
f^anconia  and  the  Upper  Palatinate  only  the  upper 
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beds  of  Jura  lintestone,  which  are  the  most  Com- 
pact  Marl  ao'd  oolites  are  here  much  more  rare  than 
in  the  west  of  Switzerland,  and  in  France  (Ca«n, 
Lons-Ie-Saulnier).  According  to  M.  de  Schnrit^ 
■We  find  between  !E^chd&dt  and  Ratisbon^  a  lime- 
stone very  cellular ;  granular  beds  containing  droaes 
filled  with  sand ;  compact  and  conchoidal  limestone 
with  nodides  of  flint }  slaty,  and  fissile  limestond, 
analogous  fo  that  of  Sohlenhofen  and  the  litho- 
graphic slabs  of  Heuberg  near  Kolhingen,  These 
beds  full  of  cavities  (valley  of  Laber  near  Betod- 
hausen^  Pegnitz,  Creussen,^  Tumbach),  which  I 
ibund  also  In  Italy  (valley  of  ifoenta  between  Car- 
|tane  and  Frimolano),  at  the  isle  of  Cuba  (between 
Potrero  de  Jaruco  and  the  port  of  Batabano),  at 
Mexico  (table-land  c^  Chilpansingo),  give  to  the 
surface  of  the  country,  which  is  cova^  with  small 
pointed  rocksj  a  very  peculiar  aapeCt. 
■  In  the  west  of  France,  according  to  M.  Bou^ 
an  uninterrupted  b»id  of  Jura  limestone  extends 
from  S<£.  to  N.W^  from  Narbonnt  tmd  MoD^iel- 
lier  as  far  as  la  Rochelle,  scpanUing  tow:uds  the 
noith  the  transition  fonnation  of  La  Vend^  and 
the  primitive  formation  of  Limoudn.  The  marly 
and  oolific  beds  have  assumed  a  much  greater  de- 
velopemeiit  od  the  coast  of  Kormandy  th»i  in 
Germany.  We  shall  state,  from  the  interestii^ 
researches  of  M.  Pr6vostj  the  superposed  beds  be- 
tween IHeppe  and  the  Cotentiih  b^nnin^  as 
usual,  by  the  most  ancient  beds;  1°,  limestone 
with  grypheea  arcuata  and  lithographic  limestone 
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(I:^  Y&y,  Issigny),  containing  lignite,  and  super- 
|>osed  on  the  transition  formation ;  2°,  inferior  beds 
of  clay  and  oolites  (clay  of  the  Vaches-noires,  al- 
ternating with  lias  containing  remains  of  the  ichthy- 
osaurua ;  the  grey  oolites  of  Dive,  which  are  ferru- 
gineous,  mixed  with  clay  containing  lignites,  and 
numerous  petri£tctions  of  madrepores,  modiola, 
Gryphcea  cmbium  and  ammonites ;  white  oolites) ; 
3",  limestone  of  Caen;  the  lower  beds  with  nodules 
of  silex,  and  few  shells  (ammonites,  belemnites), 
and  having  some  bones  of  the  crocodile ;  the  upper 
beds  contain  madrepores  (coral-rag),  trigonite,  and 
cerithia,  perfectly  analogous  to  those  found  above 
the  chalk ;  4%  upper  beds  of  clay  at  Cape  la  H^ve, 
of  a  bluish  colour,  with  lignite,  remains  of  croco- 
diles (Honfleur)and  calcareous  beds,  less  developed 
than  at  Caen.  W,e  see,  that  in  this  part  of  Europe 
lignite  extends  through  all  the  beds  of  Jura  lime- 
stone, and  that  this  formation,  deducting  the  inter- 
posed clay,  is  composed  of  three  great  beds,  viz. 
limestone  with  the  gryphiea  arcuata,  oolite,  and 
limestone  with  madrepores  and  trigonis. 

In  England,  the  formation  of  Jura,  stretching 
without  interruption  from  Yorkshire  to  Dorsetshire^ 
fiUs  the  whole,  space  between  the  red  marl  (va- 
riegated sandstone)  and  the  chalk ;  for  we  know 
no  formation  between  the  Jura  limestone  and  red 
marl  of  a  composition  analogous  to  the  muschel- 
kalk  and  quadersandstein ;  two  rocks  also  oAea 
wanting  on  the  continent  The  English  and  Scotch 
geognosts,  who  have  lately  studied  the  structure  of 
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their  country  with  indefatigable  zeal,  distingaish 
the  beds  of  Jura  limestone  by  denominations  partly 
very  characteristic,  and  several  of  which  resemble 
the  subdivisions  acknowledged  on  the  continent ; 
1  °,  Lias  with  a  litUe  fiint*  covering  the  saliierous  red 
marl,  analogous  to  the  limestone  with  the  gryphiea 
arcuata  of  the  continent ;  the  upper  two  thirds 
consist  of  an  argillaceous  bluish  mass,  ^temating 
with  beds  of  limestone ;  towards  the  lower  part 
these  beds  increase  in  thickness,  become  white,  and 
pass  to  a  stone  fit  for  Uthographic  purposes  (bones 
of  the  ichthyosaurus,  and  near  twenty  species  of  am- 
monites, belemnites).  2°,  Lower  sj/stem  qfooUteSf 
viz.  oolite  mixed  with  sand,  iullers'  earth,  great 
bed  of  oolite  (great  oolite)  with  remains  of  shells; 
oolite-slate  of  Stonesfield,  forest  marble,  combrash, 
and  kelloway  rock,  shelly  and  arenaceous  lime- 
stone. 3",  Middle  system  ofooliieSfV'iz. ;  Oxford  clay 
(clunch-clay  of  M.  Smith),  sand,  and  calcareous 
conglomerates  (calcareous  grit),  cora)-rag,  or  lime- 
stone with  madrepores  and  echinites.  4°,  Upper 
system  of  oolites ;  clay  of  Kimmeridge,  blue,  a 
little  bituminous,  analogous  to  the  blue  clay  of  Cape 
la  H^ve  in  Normandy,  which  are  also  above  the 
limestone  with  madrepores  and  oolites;  Portland 
stone  with  ammonites ;  Purbeck  stone,  an  argilla- 
ceous limestone  £lled  with  sheila,  alternating  with 
marl  and  gypsum.  I  have  followed  the  divisions  of 
MM.  Smith,  Conybeare,  and  Philipps,  which  difier 
a  little  from  those  adopted  by  M.  Buckland.  The 
three  systems  of  oohte  in  England  are  separated 
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by  fonnations  of  clay.  With  respect  to  the  oolitk 
structure  itself  we  have  already  observed  that 
traces  of  it  ace  found  in  very  di&rent  fi»'mations  ; 
there  ar^  B(Hne  beds  of  oolite,  according  to  MM. 
de-Gruner  and  Escher  {Alpma,  t.  iv.  p.^9-)>  ^"^  ^^ 
transition  limestone  of  S-witzorland,  in  the  coalr 
sanifetone  (Freiealeben,  KupJerscK  b'  iv.  p.  1 23.), 
in  the  alpine  limestone  or  zechstein  (Hartlepool 
in  Northumberland)  in  the  variegated  sandstone 
(Thuringia,  Vic  in  Lorraine),  and  in  ■the  mus- 
f;helkatk. 

Subordinate  beds :  hornstein  (flint)  in  small  con- 
tinuous beds^  magnesian  limestone  (Nice)  ;  fetid 
Jimestone  and  j^sum,  with  traces  of  rock-salt 
jCJKandem,  see  Meriau,  Vmgeb,  von  Basel,  j).  36.)  s 
slaty  and  micaceous  sandstone,  sometimes  siliceousi, 
interstratified  in  layers  with  gryphites  (Hemmiken, 
Waldbwgstuhl,-Lons-le-Saulmer);  globuliform  oxid 
jaf  iron  (bcdmenerzj,  in  the  Jura  iimestcMie  (Neuf- 
.chMel).  Frickthal,  Wartenberg  in  Swabia),  and 
■between  this  limestone  and  the  molasse  or  tertiary 
sandstone  with  lignite  (Aran,  Baden) ;  coal,  with 
■impressions  of  fern  (?)  and  mixed  with  pyrites 
■XNeue  Welt,  Bretzweil). 

Petrifactions:  Ihe  Jura  limestone  is,  after  , the 
ibtmatioBs  above  the. chalk,  that  of  which  the  fossil 
.remains  have  been  best  determined  in  England, 
France,  and  the  west  of  Switzerland.  It, contains, 
like  the  still  more  ancient  formations,  quadersand- 
'Stein  and  zechstein  wlth.cc^per-slate,  pelagic  shells, 
■mixed  with  Ijgnite  and  bones  of  fresh-water  saurian 
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animals,  aod  even,  if'  we  are  not  mistaken  in  the 
zoological  determination,  with  bones  of  tbe  didel- 
plius  (Stonesfield  slate).  I  am  not  certain  whether 
the  mixture  of  marine  and  iluviatile  shells,  so 
evident  in  tbe  greater  part  of  the  tertiary  fonn- 
ations,  has  iteen  observed  in  the  formations  below 
the  chalk.  Where  lie  Jura  formation  is  ahnost 
destitute  of  marl  and  oolites  (Franconia,  Upper 
Palatinate ;  Camioie,  between  S.  Sesanne  and 
Triest),  very  considerable  beds  are  entirely -without 
ipetrifactions.  The  remains  of  oviparous  quadru- 
^ds,  fish,  and  tortoises,  are  found  in  almost  all  the 
beds  in  the  mt^t  recent  (Purbeck  stone)  as  well  as  in 
ihe  most  ancient  (has) ;  the  latter,  however,  contain 
fhe  moat,  and  it  appears  tliat  they  have  only  the 
ichthyosaurus  (proteosaurus  of  Sir  Ewerard  Home) 
and  the  plesiosaurus,  which  is  an  analogous  animal, 
and  not  the  real  crocodile.  This  diflerfince  in  the 
distribution  of  reptiles  has  l^en  also  -obaerved 
by  M.  Erdvost  on  the  western  coast  of  Prance. 
The  bones  of  the  ichthyosaurus  are  found  (prin- 
fipaliy?). in  the  limestone  beds  (lias)  which  belong 
■to  the  -beds  of  clay  below  the  oolite,  while  croco- 
-diles  are  only  found  abov-e&e  oolite.  In 'England, 
according  to  MM.  Smith,  Conyheare  and  Philipps, 
among  the -prodigious  number  of  petrified  shells  of 
which  the  genera  are  not  known,  the  following  are 
distinguished ;  Ammonites  gtganteus,  .A..excavahis, 
A.  Zhmcam,  A.  Banksii,  A.<mgtiiatust  A.Grenotighit 
Nautilus  striatus,  N.  truncatus,  Trochus  dimidi- 
oftM,  T.  bicarinatus,  Trigonia  costata,  X.  ciavel- 
lata,  Terebratula  intermedia,  T.  spinosa,  T.  digona. 
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Ostrea  gregaria,  O.  pahaata,  Modiola  Uevis,  M. 
depressa,  M.  minima,  Pentacrimtes  caput  Medusa, 
P.  basaltiformis,  etc.  Although  the  species  of 
ammonites  (twenty  in  number),  belemnites,  and 
pentacrinites,  described  as  in  Uas,  are  not  identical 
with  those  of  the  muschelkalk,  it  appears  to  me 
very  remarkable  that  we  find  three  families  in 
rocks  of  nearly  the  same  age,  between  the  last 
strata  of  zechstein  (alpine  limestone)  and  the  first 
or  most  ancient  of  the  Jura  limestone.  MMl  Pro- 
vost; lAmouroux,  and  Brongniart  will  soon  enrich 
zoological  geognosy  by  the  profound  researches 
they  have  made  on  the  shells  and  zoophytes  found 
on  the  coast  of  France,  between  Dieppe  and  the 
Cotentin,  in  Franche'Comt^  and  in  Switzerhmd. 
We  shall  in  the  meantime  content  ourselves  with 
mentioning  here  the  fossil  bodies  which  occur  in 
the  Jura  limratone  of  the  continent,  from  Geneva 
as  far  as  Franconia,  according  to  notes  which  I 
took  from  a  catalogue  of  M.  de  Schlottheim : 
Chamites  Jtirensis,  Bekmnites  gigantetis.  Ammonites 
planulattts,  A.  nairit,  A.  comprimatus,  A.  dixrus, 
A.  Bucklandi,  Myadtes  radiatus,  TeUinites  sole- 
noides,  Donacttes  hemicardius,  Pectinites  articula- 
tm,  P.  wqtdvahis,  P.  lens,  Oslracites  gryphaatuSt 
O.  crtstagaUi,  TerehratuUtes  lacunosus,  T.  radtaius, 
Gryphites  arcuattts,  MytuUtes  modiolatus,  Echihifet 
or^ciatus,  E.  miliaris,  Asteriacites  pannuiatus, 
Turritellffi,  Hippuritae  (Comueopiee  of  Cape  Pas- 
saro  in  Sicily),  Gryphites  araiatus,  etc.  It  is  de- 
serving of  attention  that  this  gryphcea  arcuata 
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which  M.  i§owerby  calls  GrypJdtes  incurvvs,  and 
which  characterises  the  lower  strata  of  the  Jura 
formation  in  Switzerland  and  on  the  eastern  coast 
of  France,  is  also  the  shell,  which  after  the  Am- 
monites Bticklandi  and  the  Pktgiostoma  giganiea, 
characterises  most  the  lias  in  England.  The  beds 
of  white  and  granular  limestone  that  are  found 
frequently  in  this  formation  (Neufchatel,  Monte 
Baldo)  are  owing  to  petrifiictions  of  madrepores. 

We  have  already  seen  fish  in  greater  or  less 
abundance,  but  belonging  to  very  distinct  genera, 
in  transition  clay-slate  (Claris),,  in  the  carburetted 
slate  of  the  red  sandstone  (Goldlauter  and  All> 
thai,  near  Kleinschmalkalden),  in  the  alpine  lime- 
stone and  its  copper  marl,  and  even  in  the  mus- 
chelkalk,  (very  rarely,  Esperstedt,  Obhaussen) : 
these  ichthyolites  are  more  frequent  in  the  Jura 
limestone,  particularly  in  its  upper  beds.  From 
thence  they  ascend  above  the  chalk  into  the  ter- 
tiary sandstone  with  lignite  (pl^tic  clay),  into  the 
calcaire  grossier  (Monte  Bolca),  gypsum  with  bones 
CMontmartre),  and  fresh-water  limestone  (CEnin- 
gen).  I  mention  the  formations  that  present  ana- 
logous phenomena,  according  to  the  order  of  their 
relative  age,  to  prevent  the  errors  that  arise  from 
ignorance  of  those  analogies. 

A  justly  esteemed  geognost,  M.  Bucklaod,  is 
inclined  to  regard  the  fissile  limestones  oi'  Pappen- 
heim  and  Sohlenhofen,  celebrated  for  their  impres- 
Mons  of  iish  and  crustacea,  as  superposed  on  the 
Jura  limestone,  and  belonging  to  the  calcaire  gros- 
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sier  of  tertiary  formation ;  these  slaty  Umetones 
appear  to  me,  on  the  contrary,  altogether  analo- 
gous to  the  Purbeck  stone  of  England,  which 
abounds  also  ^in  petrifications  of  fish,  and  fcwms, 
like  the  limestone  of  Fappenheim,  the  latest  bed 
of  the  Jura  formation.  I  had  occasion,  in  1795, 
to  examine  the  fine  quarries  of  Sohlenhofen,  con> 
jointly  with  M.  Schtipf,  and  in  going  from  Mug- 
gendorf  by  Ansbach  to  Pappenheim,  we  observed 
&  close  connection  between  the  various  beds  of  the 
same  formation.  MM.  de  Buch,  Bou^,  and  Beu- 
dant  are  of  this  opinion  respecting  the  ichthy- 
olites  of  Franconia. 

Both  Jura  limestone  and  calcaire  grossier  exist  in 
the  Vicentine,  and  both  contain  madrepores.  In 
my  first  travels,  however,  in  Italy  (1795),  I 
thought  that  the  long  bands  of  r^nose  corals 
which  traverse,  in  forming  veins  (between  l'h6tel- 
lerie  du  Monte  di  Diavolo  and  lake  Fimon,  at 
the  west  of  Lungara),  the  summit  of  Monte  di 
Pietra  nera,  belong  rather  to  the  Jura  limestone, 
perhaps  to  the  strata  called  in  England  coral'rag. 
These  bands  of  mtuirepores,  which  have  remained 
in  their  natural  place,  are  two  feet  broad;  tfaey 
present  a  very  singular  aspect,  and  pass  throu^ 
limestone  masses  almost  free  from  petrifrictioBs 
in  a  regular  direction  N.  80*  E.,  rising  like  a  wall 
above  the  surface  of  the  soil.  M.  Bou6  has  also 
observed  an  analogous  phenomenon  in  the  Jura 
limestone  (coral-rag),  which  surrounds  the  basin 
of  Vienna,  and  the  lower  strata  of  which  contains 
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nag^uhe,  uialogoiis  to  the  cakareous  grit  of  the 
oolitic  formation  of  England  (Kley  in  Yorkshire). 

I  thought  I  recognised  in  the  equinoxial  zone  of 
America  the  Jura  formation  in  several  whitish  lime- 
stones, partly  litho^*apbic,  with  a  fracture  smooth 
and  dull,  or  very  flat  conchoidal.  These  are  the 
limestones  of  the  cavern  of  Caripe  (south-east  of 
Cumana),  the  shore  of  Nueva  Barcelona  (Vene- 
zuela), the  isle  of  Cuba  (between  the  Havannah 
and  Batabano ;  between  Trinidad  and  the  boca 
del  Rio  Guaurabo),  and  the  central  mountains  of 
Mexico  (plains  of  Salamanca  and  defile  of  Batas). 
The  white  limestone  of  Caripe,  which  resembles 
perfectly  that  of  the  caverns  of  Gailenreuth  in 
Frwiconia,  is  superposed  in  the  bluish-grey  alpine 
limestone  of  Cumanacoa,  The  Jura  formation  of 
the  shore  of  Nueva  Barcelona  contains  small  beds 
of  homstone,  passing  to  a  black  siliceous  schist 
(a  phenomenon  which  occurs  also  near  Zacatecas 
at  Mexico) ;  it  is  covered  (Aguas  calientes  del 
Bergantin)  like  the  dpine  limestone  at  the  summit 
of  the  Impossible,  with  a  very  quartzose  sandstone. 
It  might  be  imagined  that  this  sandstone  of  Ber- 
gantin belongs  to  the  quartzose  beds  of  green  sand- 
stone, or  secondary  sandstone  with  lignite ;  but,  as 
it  tdso  fiMms  beds  in  the  alpine  limestone  (Tumi- 
riquiri),  it  remains  very  doubtful  if  the  sandstone  of 
Bergantin  and  of  Tumiriquiri  are  different  fonn- 
ations,  or  if  beds  quite  similar  extend  from  the 
alpine  limestone  into  the  Jura  formati<m.  This 
formation  abounds  less  than  any  -other  secondary 
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formation  in  arenaceous  rocks.  We  have  however 
mentioned  above,  beds  of  sandstone  in  the  western 
mountains  of  Switzerland,  at  Wddburgstuh!,  Epti- 
gen,  and  Hemmiken  near  Bale.  In  the  vast  steppes 
of  Venezuela,  near  Tisnao,  it  appeared  to  me  that 
the  red  sandstone  immediately  supports  (as  at 
Schwarzwald  in  Swabia)  a  lithographic  limestone 
very  analogous  to  the  Jura  limestone.  This  posi- 
tion is  also  to  be  found  at  Mexico,  in  the  plains  of 
Temascatio,  south-west  of  Guanaxuato.  At  the 
northern  extremity  of  the  valley  of  Mexico  (be- 
tween Hacienda  del  Salto,  Batas,  and"  Puerto  de 
Reyes),  a  greyish-blue  limestone  formation  with  a 
smooth  fracture,  containing  gypsum,  and  support- 
ing a  Umestone-breccia,  appeared  to  me  to  belong  to 
the  Jura  formation,  notwithstanding  the  proximity 
of  tertiary  marls  (Desague  of  Huehuetoque),  in 
which  fossil  bones  of  elephants  are  buried.  I  might 
also  mention  the  passage  which  is  observed  from 
the  alpine  limestone  to  a  limestone  entirely  similar 
to  that  of  Arau  and  Pappenheim,  at  the  western 
declivity  of  the  Cordilleras  of  Mexico,  between 
Sopilote,  Mescala,  and  the  rich  mines  of  Tehuilo- 
tepec  ;  but  in  that  region  the  Jura  formation  is  less 
marked  than  at  the  isle  of  Cuba,  the  islets  of  Cay- 
man, and  in  the  mountains  of  Caripe  near  to  Cu- 
mana.  In  the  part  of  the  new  world  through 
which  I  passed,  I  no  where  saw  the  variegated 
sandstone,  muschelkalk,  or  quadersandstein,  sepa- 
rate alpine  limestone  from  the  formations"  which  I 
ha"ve  just  described.    Destitute  of  oolite,  they  also 
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abound  little  in  petrifactions  of  shells,  and  beds  of 
marl.  Their  dull  and  smooth  fracture  gives  them 
altogether  the  aspect  of  the  Jura  limestone  of 
Germany  and  Switzerland.  Are  these  Umestone 
formations  of  America,  the  Pyrenees,  and  the 
Apennines,  which  appear  so  closely  connected  with 
the  alpine  Umestone  (zeschtein),  only  the  newest 
beds  of  the  latter,  and  ought  they  to  be  separated 
from  the  real  Jura  limestone,  rich  in  shells,  oolite, 
and  marl?  This  important  question  can  be  re- 
solved only  by  multiplying  the  observations  of 
position,  which  are  much  more  decisive  thaii  those 
of  composition  and  exterior  aspect 

FERRUGINOUS    SAND    AND    SANDSTONE,    GHEEN    SAKD 
AND     SANDSTONE,     SECONDARY     SANDSTONE    WITH 
'    .LIGNITE   (iron  SAND  AND  GREEN  SAND). 

§  33.  This  division  contains  sandstone  and  sand 
with  Ugnite,  placed  helow  the  chalk  ,-  they  are  two 
arenaceous  formations,  coloured  by  iron,  separated 
by  a  bed  of  clay,  (weald  clay),  and  superposed  on 
Jura  limestone,  (oolite  formation).  In  England 
they  attain  the  thickness  of  a  thousand  feet,  and 
are  found  in  the  west  of  France,  where  MM.  Pre- 
vost  and  Boue  have  made  them  the  object  of  a 
profound  study. 

The  yellowish-brown _^m^moM*  sands  alternate 
with  siliceous  sandstone  and  small  masses  of  iron 
ore,  often  worked  with  advantage ;  it  contains 
fossil  wood  and  lignite  (Bedfbr^hire,  Dorsetshire). 
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The  green  sands,  coloured  by  a  protoxide  of  iron, 
alternate  with  calcareous  and  siliceous  sandstone, 
with  conglomerates,  yellowish  niarl  with  crystals  of* 
gypsum,  and  even  with  small  beds  of  compact 
limestone,  which  have  been  sometimes  confounded 
with  the  Forfcland  stmie.  We  find  there  nodules 
of  homstone  and  calcedmy  (Swlat  in  P6rigord), 
small  deposftes  <rf  hydrate  <rf  iron,  a  «Bin  that 
passes  to  amber  (isle  d'Aix  near  Rocheile}  Ob^X^ 
and  Alstadt  in  Moravia),  and  a  great  number  of 
fossil  remains,  several  of  which  (cidatis,  spatanges) 
resemble  those  of  the  chalk.  The  siliceous  sAad- 
stone  of  this  formation  contains  impressioiis  of 
dicotyledon  leaves.  The  green  sand  towards  the 
upper  part  passes  to  a  chalky  marl  (chalk-marl  of 
Surrey).  The  green  or  chlorite  earth,  which  cha- 
racterises the  bed  of  sand  nearest  the  chalk,  is 
found  in  formations  of  very  difierent  age,  in  the 
coal-sandstone  of  Hungary  (on  the  frontiers  of 
Galicia),  in  the  variegated  sandstc^e  and  gypsum 
which  belongs  to  it,  and  in  the  quad»*sandst«in 
and  lower  beds  of  the  calcture  grbssier  of  Paris. 
According  to  the  excellent  researches  of  M.  Ber- 
thier  on  the  green  grans  of  the  chalk  and  calcaire 
groBsier,  these  grains  are  a  silicate  of  iron ;  but  it 
is  probable  that  the  quantities  of  magneua  and 
pot^h  vary  in  different  formations,  af  they  vary, 
according  to  the  analysis  of  Klt^roth  and  Vauque- 
lin,  in  the  green  earth  of  Verona  (talc-chlorite 
zoographique  of  Haiiy)  and  in  earthy  chlorite. 
The  analogy  that  sometimes  occurs  b^ween  the 
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quadersandstein  of  Germany  and  the  ^iceous  be(U 
of  the  green  sandstone  (iron  sand)  either  in  their 
solid  state,  or  in  a  state  of  disaggregation,  has  led  se- 
vei*al  geognosts  to  confound  those  two  formations. 
M,  Bou6,  who  has  so  well  explored  the  positions 
of  the  rocks  in  Scotland,  England,  and  Germany, 
recognised  green  sandstone  (exactly  similar  to  that 
of  the  vicinity  of  Oxford)  in  France,  along  the 
Mayemie  and  the  Loir,  from  la  Fert6-Beniard 
beyond  la  Fl^ch^  in  the  department  of  Charente, 
in  Mans,  Saintonge,  and  P^-igord^ 

To  this  same  formation,  §  33.,  the  lignites  also  of 
the  isle  of  Aix  belong,  on  which  M.  Fleuriau  de 
Bellevue  has  made  such  interesting  researches. 
According  to  that  learned  geologist,  the  sub-marine 
forest  on  the  coast  of  Rochelle  consists  of  flattened 
dicotyledon  wood,  partly  petrified,  partly  bitumin- 
ous or  fragile,  and  sometimes  passing  to  a  state  of 
jet.  These  woods  are  penetrated  by  pyrites,  and 
pierced  by  the  teredo  and  marine  worms.  The 
holes  resulting  from  this  perforation  are  611ed 
with  quartz  agathe,  and  sulphuret  of  iron.  The 
tiees  are  found  either  in  horizontal  beds,  sometimes 
in  a  paraU^  direction,  sometimes  collected  in  dis- 
OTder.  The  wood,  when  altogether  or  partly  petri- 
fied, reposes  on  a  green  sand ;  those  which  are  in 
a  fibrous  or  bituminous  date  repose  on  beds  of  plastic 
day  of  a  deep  blue.  They  are  surrounded  by 
marine  algse  and  small  branches  of  lignite.  Among 
the  masses  of  algse  is  found  a  resin  that  passes  to 
amber;  it  is  friable  and  of  various  colours.    Trunks 
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of  trees  heaped  together  form  a  band  of  a  league 
and  a  half  in  breadth,  from  the  extremity  of  the 
north-west  of  the  isle  of  Oleron  aafar  as  fourteen 
leagues  in  th6  interior  of  the  continent,  on  the 
right  bank  of  the  Charente.  This  band  is  more 
than  seven  feet  thick;  it  runs  fromW.N.W.  to 
E.S.E.,  and  is  three  feet  above  the  level  of  the  sea 
at  low  tide.  Where  the  lignites  are  covered  by  the 
ocean  they  are  incorporated  (like  the  masses  of 
succin-asphalte  and  the  great  bones  of  marine  ani- 
mals) witli  a  coarse  sandstone  which  reposes  on 
plastic  clay.  The  position  of  these  deposites  is 
■from  below  upwards  (according  to  an  unpub- 
lished memoir  of  M.  Fleurian  de  Bellevue) :  1°, 
'compact  limestone  (lithographic),  with  a  smooth 
fracture  (La  Rochelle,  S.  Jean  d*Angely);  2°,  oolite 
beds  (point  of  Chatelaillon  and  Matba)  ;  3°,  luma- 
chelle  and  beds  of  madrepores  with  impressions  of 
Gryphaa  angustata ;  (these  three  beds  constitute 
the  Jura  formation,  of  which  the  bed  of  madre- 
pores represents  the  coral-rag) ;  4°,  a  great  bed  of 
lignite  with  marine  turf i  succin-asphalte,  and  plas- 
tic clay ;  5°,  ferrugineous  and  chlorite  sand,  slaty 
clay  J  arenaceous  and  calcareous  beds  with  trigonite 
and  cerithia;  fragments  of  lignites.  At  the  south- 
west of  the  Charente,  where  the  beds  N".  4.  and  5. 
are  wanting,  horizontal  beds  of  very  white  limestone 
repose  immediately  on  tlie  oolites  of  the  Jura  form- 
ation, and  represent  the  lower  strata  of  the  chalk. 
M.  Bou6  has  seen  traces  of  these  lignites  stretch- 
ing from  Rochefort  by  Perigaeux  as  far  as  Sarlat 
These  sands  and  clays  with  the  lignites  of  the 
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green  sfuidstone  are  connected  towards  the  lower 
part  with  the  blue  clay  with  lignites  of  Cdpe  la 
H^ve  (near  Havre);  above,  they  precede  iii  a 
manner  tlie  great  depoaite  of  lignite  of  tertiary 
formation,  that  is,  the  lignite  of  the  plastic  clay 
and  molasse  which  occurs  above  the  chalk.  The 
chalk  itself  contains  lignite  in  its  lower  strata 
(chlorite-chalk,  between  Fecamp  and  Dives^  and 
may  in  some  respects  be  regarded  as  a  con- 
tinuation of  the  Jura  formation ;  the  phenomena 
which  we  have  just  mentioned'  are  well  worthy  of 
the  attention  of  geognosts.  The  pldnerkaik  of 
Germany,  often  mixed  with  inica  and  grains  of 
quartz,  forms  one  of  the  tipper  layers  of  the  green 
sandstone,  repr^enting  at  the  Sfune  time  chlorite- 
chalk  and  a  p^ul  of  the  coarse  and  tu£&ceoua 
chalk. 

IV.    CHALK. 

$  34.  We  have  seen  that  in  proportion  as  we 
are  removed  from  the  alpine  limestone  the  fonn- 
ations  become  more  complex.  The  nmschelkalk 
and  quadersandstein  have  indeed  a  'siiuple  struc- 
ture, but  the' Jura  limestone  and  green  sandstone, 
where  they  are  well  developed,  present  a  great 
number  of  beds  and  frequent  alteimations.  This 
tendency  to  a  varied  composition,  to  a  grouping  of 
heterogeneous  inasses  (a  tendency  which  attains  its 
maximum  in  the  tertiary  formations),  diminishes  in 
some  degree  at  the  chalk  formation.  Placed  be- 
tween the'  green  sandstone  and  the  plastic  clay,  or 
the  sandstone  with  tertiary  lignite,  the  chalk,  by  a 
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great  simplicity  of  structure*  is  contrasted  with  the 
complex  formations  we  have  just  named.  The 
argillaceous  beds  {dt^f),  and  the  calcareous  tmd 
arenaceous  beds  (tourtia)  which  8^>arate  the  Jura 
ibnnailion  (oolite)  from  that  of  the  chalk,  ought 
not  to  foe  confounded  with  the  latter  formation, 
although  it  is  often  not  easy  to  flx  the  limits  be- 
tween the  marl  with  ooHtic  beds  of  the  Jura  form- 
ation, the  ^rata  of  green  sandstone,  and  those 
argillaceous  marls  or  yellowish  and  almost  com^ 
pact  limestones  which  seem  to  belong  to  the  lower 
beds  of  chalk. 

The  latter  formation  is  composed,  accM-ding  to 
the  researches  of  MM.  Onalius  and  Krongniart, 
of  iJiree  beds  sufficiently  distmct.  The  lower  is 
eklorited  chalk (glaucome  crayeuse),  friable,  and  with 
green  disseminated  grains ;  the  middle  is  the  cr<m 
tufauj  or  coarse  chalk,  greyish,  sandy,  cont^ning 
marl,  and,  instead  of  gun-flint  (silex  pyromaque), 
homstone  oS  a  light  colour.  The  ifpper  strata  is  ^hite 
chalk.  Sometiines  the  m^t  ancient  beds  assume 
a  dsricbh^ey  colour,  and  become  very  coioaipaGt 
(vicinity  of  Rochefort),  or  are  granular  and  friable 
(tnotintahi  of  St.  PLerre  tiear  Maestricht).  The 
chlorited  chalk  o&sai  passes  insensihly  into  green 
san<4.  The  white  chalk  is  the  purest  of  the  lime- 
stone beds  o£  di^erent  ages ;  it  oontaibus  only  one 
or  two  per  cent  of  magnesia,  but  it  is  nnxed  with  a 
greater  or  less  quantity  of  sand.  The  connection 
betwe^t  the  chalk  tormzHaa  of  I^ris  and  the  other 
secondary  formations  (between  Grueret  and  Hirson) 
has  been  shown  in  a  section  by  M.Omalius  (Bidl. 
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phil.,  1814).  M.  Gay-Lussac  and  myseU>  in  a 
barometric  levelling  made  in  1805,  from  Paris  to 
Naples,  saw  appearing  successively  below  tiie  chalk 
Jura  Umestose*  alpine  limestone,  red  simdstone, 
ga«M(  md  grwite  (between  Lucy-le-Bois,  Avallon, 
Autun*.  and  sjountain  <^  Aussy).  The  chalk 
tbrntation  whwh  was  too  long  neglected,  extends 
mu-ch  Stfther  than  is  g^ierally  believed.  It  has 
been  observed  in  several  parts  of  Grermany,  for  in- 
stance* in  Holstein,  Wesl^haJia  (from  Unna  to 
Paderi3(»D),  in  H^iover,  U.  the  foot  of  the  Hartz 
nnur  Godar,  in  Brandesbutig  near  Prent^w,  and 
it  the  iflle  of  Rugen.  It  caa  often  be  only  recog- 
n^d  by  the  foBsil  bodies  which  exhibit  &i^^eittB 
of  marly  and  arenaceous  fiHmatioais.  It  otrntains 
femf  hetnt>geneou3  beds,  for  instsuice,  beds  of  clay 
(ide  of  Wight ;  Anetn) ;  flint,  either  in  plates  or 
Dodtdes,  in  ttrai^t  lines  or  in  small  veias  (Isle  of 
Tihivnet ;  Brighttm).  and  characterisiag  the  uppei^ 
strata  e£  chaUi.  Here  also  we  findglot)ular  pyrites 
and  sulphnbe  i^  strontbn  (Meudon). 

Petai&ctioas.  In  the  basin  of  the  Seinei  according 
to  the  observations  of  MM.  D^^nceandBroogniart, 
there  are  found  in  the  upper  beds  erf" the  chalk  many 
b«leninites  (^B^lemmtes  mucronatus'),  and  echinites 
(Anmtckites  evafa,  A.  pustulosot.  Galerites  vtUgarist 
Spaiangus  cvrariigmttm,  S,  h0),  oysters  (Osirea 
vesictt&fris,  0.  serrata),  terebratulites  {Tcrebratttla 
D^fi^ncii,  T.  pUcaiiUs,  T.  aiafa),  pectens  (Pecten 
cr^tQttfS,  P.  qtunque-eoftt^us),  CatiUw  Ctevtert,  AU 
cjfontttm,  ast^ries,  millepores,  &c.  The  chalk,  dis- 
tinguished by  M.  Brongniart  as  craie  tofau  and 
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glauconeuse,  contains  (vicinity  of  Havre,  Rouen, 
and  Honfleur,  Perte  du  Rhdne  near  Beilegarde ;) 
Grjfphea  cobtmba,  G.  auricularis,  G.  aquila,  Podop- 
sis  trtmcata,  P.  striata,  Terebratula  semiglobosa, 
T.  gaUina,  Pectm  intextus,  P.  asper,  Ostrea  cari- 
nata,  O.  pectinata,  Cerithivm  excavatum,  trigonies, 
'  crassatelles,  encrinites  and  pentacrinites  (England), 
and  which  is  very  remarkable,  nautilites  and  seve- 
ral ammonites  {^Nautilits  simplex.  Ammonites  vari- 
ans,  A.  Beudanti,  A,  Coupei,  A.  ir^aius,  A.  Gentoni, 
A.  rkotomagensis'},  wiiile  the  upper'  beds  of  the 
chalk,  near  Paris,  do  not  contain  (with  the  excep- 
tion of  Trockus  Basteroti)  a  single  univalve  shell 
with  a  simple  and  regular  spire.  According  to  the 
reseMches  of  MM.  Buckland,  Webster,  Greenoiigh, 
Philipps,  and  ManteU,  compared  with  those  of  M. 
Brongniart,  the  greatest  analogy  exists  between 
the  organic  remains  found  in  France  and  England 
in  the  strata  of  the  chalk  of  the  same  age.  Every 
where,,  the  most  ancient  beds  contain  bones  of 
great  saurians  (monitor)  and  of  sea-turtles,  -  teeth 
and  the  vertebrae  of  fish  (squales).  Notwithstand- 
ing the  analogies  which  the  sandstone  with  lignite 
exhibits  (green  sand  and  plastic  clay),  below  and 
above  the  chalk,  this  formation  belongs  rather  to 
the  secondary  than  to  the  tertiary  formation,  to 
which  several  celebrated  geognosts .  refer  it.  Ac- 
cording to  M.  Brongniart,  the  shells  of  the  argilla- 
ceous formation  approach  much  nearer  those  of 
the  Jura  formation  than  the  shells  of  the  calcajre 
grossier,  from  which  the  chalk  is  geognoStically 
separated  in  the  most  distinct  manner. 
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TERTIARY  FORMATIONS. 


The  considerations  which  I  have  stated  abov^ 
on  the  intimate  connection  between  the  Jast  beds 
of  the  transition  formations,  and  the  first  of  the 
secondary  formations,  may  in  great  part  be  apphed 
to  the  connection  observed  between  the  secondary 
and  the  tertiary  formations.  The  transition  rocks 
are  however,  more  closely  connected  with  the  coal- 
sandstone,  than  the  chalk  is  to  the  formations  by 
which  it  is  succeeded.  What  is  most  important  in 
geognosy,  is  to  distinguish  well  the  partial  form- 
ations, and  not  to  confound  what  nature  has  clearly 
separated,  and  to  assign  to  each  term  of  the  geo- 
gnostic  series  its  true  relative  position.  With  re- 
spect to  the  attenipts  that  have  been  recently  made 
to  unite  several  of  these  formations  by  groups  and 
sections,  they  have  had  the  fate  of  all  generaUsati&ns 
differently  graduated.  The  opinions  of  geognosts  ^ 
have  remained  more  divided  with  respect  to  the 
great  than  to  the  small  divisions.  The  ^amejorm- 
ations  have  almost  every  where  been  admitted,  but 
the  nomenclature  of  the  groups  which  should  unite 
them  has  varied.  Thus,  botanists  are  more  agreed 
on  the  determination  of  the  genera  than  on  the 
subdivision  of  the  same  genera,  among  neighbour- 
ing families.     I  preferred  preserving  in  the  tabu- 
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lar  furangement  of  formations  the  ancient  classiii- 
cations  which  have  been  generally  received.  In 
this  long  series  of  rodcs,  this  assemblage  of  monu- 
ments of  different  epochas,  we  distinguish  chiefly 
three  very  striking  phenomena ;  the  first  dawn  of 
organic  life  on  the  glt^e,  the  appearance  of  frag- 
mentary rocks,  and  the  catastrophe  which  has  bu- 
ried the  ancient  monocotyledon  vegetation.  These 
phenomena  mark  the  epocha  of  intermediary  rocks, 
and  that  of  the  cotd-sandstone,  first  member  of  the 
secondary  rocks.  Notwithstanding  the  importance 
of  the  phenomena  which  we  have  just  remarked, 
the  rocks  of  one  epocha  have  always  some  proto- 
type in  the  rocks  of  a  preceding  epocha,  and 
every  thing  denotes  the  effect  of  a  continued  de- 
velopement. 

As  the  names,  Jbrmations  qfmiddlesedimeni,ttew 
alpine  Umestone,  &c.,  are  employed  in  many  mo- 
dern gec^ostic  works,  without  always  specifying 
the  rocks  that  are  contained  in  those  groups,  it 
will  here  be  usefid  to  describe  the  synonymy  of 
this  nomenclature  of  positions.  M.  firongniart, 
distingirishing  between  primtvoe  and  primordial, 
comprehends  with  M.  Omalius  d'Halloy,  under  the 
denominMion  of  primordial  Jbrmaiions,  all  tfie  pri- 
mitive  and  wi/ermmKa;^  crystalline  rocks  of  the  school 
of  Freiberg ;  he  divides  his  secondary  formations 
(Rfitzgebirge)  into  three  classes.  In  the  first  that 
of  the  lower  sediment  (Descr.  giol.  des  enmvns  de 
Paris,  p.  8.;  Sto"  le  gisement  des  ophioUthes,  p.  36.), 
are  comprehended  mountain  or  transition  limestone, 
18 
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the  red  aancUtone  or  coal-sandstone,  the  alpine 
limestone  or  zecbstein,  and  the  lias ;  In  the  second, 
that  of  the  middle  sedimeni.  Jura  limestone  and 
the  chalk ;  in  the  third,  that  of  upper  sedmtnt, 
all  the  beds  that  are  never  th^i  the  chalk.  The 
formation  of  upper  sediment  rq>laces  cODsequently 
the  tertiary  formation,  a  denomination  quite  as  im- 
proper for  designating  ajbtertk  formation  succeed- 
ing to  the  primitive,  iafewmediaiy,  and  secondMy 
formations,  aa  were  the  ancient  names  oi' terrains  d 
couches  (secondary'  rocks)  and  terrains  d  JUens 
(primitive  and  transition  rocks).  M.  de  Bonnard, 
in  his  interesting  Aperpt  geognostique  des  forma- 
tions, excludes  from  primordial  formations,  por- 
phyries, transition  syenites,  and  all  crystalline  rocks 
postmor  to  those  which  contain  remains  of  organ- 
ised bodies  -f  he  regards  (and  we  prefer  his  me- 
thod) tire  word  primordial  as  synonymous  With 
primitive.  The  upper  secondary  formations  of  M. 
Bonnard  differ  much  from  the  jbrmation  <f  uj^er 
sediment  of  M.  Brongniart ;  they  are  rather  those 
which  that  geognost  calls  Jbrmation  of  middle  sedir 
meat.  Alt  the  formations  from  the  chalk  to  the 
red  sandstone,  with  the  exception  of  the  coal,  is 
comprised  in  the  Hipermedial  order  of  M.  Cony- 
beare,  while  the  close  connection  observed  in 
England  between  the  deposites  of  coal  and  the 
rocks  by  which  they  are  supported,  have  induced 
M.  Buckland  {Structure  of  the  Alps,  1821,  p.  8. 
17')  to  extend  the  secondary  formations  fronn 
the    chalk  as  fer  as  the  mountain   limestone  and 
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grauwacke  (old  red  sandstone).  He  considers  our 
zechstein  with  saliierous  depositea  as  tlie  elder 
a^ine  limestone ;  and  the  lias,  ooUtes>  green  sand 
and  chalk,  as  the  newer  alpine  Imestone.  These 
.  indications  will,  I  believe,  suffice  for  the  under- 
standing of  the  synonymy  of  the  great  geognostic 
divisions. 

The  frequent  mixture  of  stony  beds,  loose  ma- 
terials or  disintegrated  masses,  had  long  occasioned 
the  tertiary  formations,  that  is,  those  which  are 
posterior  to  chalk,  to  be  confounded  with  the 
aUtwial  deposites  which  Guettard  had  called  (in 
1746)  the  zone  qf  sand.  The  tertiary  formations 
have  been  erroneously  considered  as  of  small  im- 
portance, irregular  in  their  stratification,  and  con- 
fined to  small  districts.  The  school  of  Freiberg 
at  first  (1805)  placed  only  few  formations  above 
the  muschelkalk  and  the  chalk,  viz.  the  sands  and 
clays  with  lignite,  observed  by  HoUmaiin  in  176O 
iPhU.  Trans,  vol.  li.  p.  505.);  calcareous  nagel- 
^uhe,  travertino,  aiid  fresh-water  tu&.  (Aeuss, 
Geogn.,  t.  iL  p.  473.  630.  644.)  Brugui^  had 
already  observed  that  the  meuU^re  of  Montmorency 
contained  only  fresh-water  shells.  The  gypsum 
with  bones  of  Montmartre,  which  Karsten  con- 
sidered as  analogous  to  the  sal^erous  gypsum  of 
zechstein,  had  been  considered  by  Lamanon  and 
M.  Voigt  (1790)  as  a  deposite  from  fresh  water. 
Werner  regarded  it  as  altogether  different  from 
the  gypsum  formations  of  Germany,  and  as  being 
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of  a  much  more  recent  epocha,  (Freiesleben,  Kttp- 
firsch.,  t.  i.'  p.  174.)  The  observations  collected 
hy  ^ts^GeotogkalSockty  of  London,  and  the  W&r. 
Tierian  Society  of  Edinburgh,  the  useful  travels  of 
M.  Omalius  d'Halloy  (1808),  and  of  some  Italian 
geognosts,  had  furnished  a  considerable  mass  of 
materials  for  thestudy  of  the  tertiary  formations;  but 
we  can  only  date  a  more  precise  knowledge  of  the 
(liferent  beds  that  constitute  this  formation  and 
present  the  same  characters  in  the  most  remote 
countries,  from  the  time  when  tiie  Geological 
I>escription  of  the  Environs  qf  Paris,  by  MM. 
Brongniart  andCucier,  appeared  (Ist  edition,  1810; 
2d  edition,  1822).  All  the  tertiaiy  formations 
(Mnith  the  exception  perhaps  of  the  sandstone 
with  lignite  which  belongs  to  the  plastic  day)  are 
found  best  developed  in  the  basin  that  surrounds 
that  capital.  All  those  that  are  wanting  in  other 
parts  of  Europe,  or  found  only  as  outliers,  are 
united  on  the  banks  of  the  Seine. 

In  characterising  succinctiy  the  terms  of  the 
tertiary  series,  I  shall  avail  myselfboth  of  the  great 
work  of  M.  Brongniart,  of  that  which  has  just 
appeared  by  MM.  Conybeare  and  Phillips  on  the 
geology  of  England,  the  geological  travels  of  M. 
Beudint  in  Hungary,  and  the  recent  observations 
of  MM.  Bou^  and  Prevost,  who,  in  filling  up  the 
v<M.d  between  the  tertiary  and  oolitic  formatiwis, 
have  performed  a  great  service  to  positive  geognosy. 
It  is  by  the  comparison  of  formations  veiy  distant 
from  each  other,  that  we  can  avoid  to  a  certain 
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degree  ctmfounding  the  geognosy  of  pcmtions 
with  the  geographical  description  of  an  insulated 
basin.  It  is  remarkable  enough  that  the  last  strata 
of  the  great  geognosdc  edifice,  that  in  which  the 
epocha  of  formations  draws  nearest  to  our  own 
times,  has  been  examined  so  lately.  As  the  dis- 
aggregated masses  of  the  tertiary  formation  contain 
fossil  shells  in  a  high  degree  of  preservation,  this 
formation  has  also  given  rise  to  the  improvement 
of  subterranean  conchyliology.  The  predilection 
for  this  science,  which  prevails  in  several  countries, 
will  become  equally  usc^  to  the  study  of  secondary 
and  intermediary  formations,  if  the  combination  of 
the  zoological  characters  with  those  of  the  position 
and  relative  age  of  rocks  be  not  neglected. 

I  have  already  stated  the  motives  which  induced 
me  to  avoid  the  denominations  ofjirstt  second,  and 
third  marine  JbrmatUm,  or  fresh-water  Jbrmation.  I 
have  most  frequently  substituted  geographical  names 
to  those  numerical  denominations,  which  areveiy  ^t 
to  give  rise  to  erroneous  ideas.  The  most  recent 
frnmations  are  those  of  which  the  positions  f^pear  to 
have  been  the  most  modified  by  local  circumstances. 
A  periodical  alternation  of  calcareous  and  siliceous 
substances  (clay  itself  contains  near  7O  per  cent,  of 
silica)  is  manifest  even  in  the  strata  which  belong 
to  the  same  formation.  In  some  countries  the 
heterogeneous  beds,  and  subdivisions  <^  calcareous 
or  gypseous  fonnations  assume  such  a  thickness,  that 
they  appear  like  particular  or  independent  form- 
ations.    It  thence  results,  that  the  succession  and 
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paralMism  of  the  tertiary  rocks,  wHch  are  so  re- 
cent and  of  so  complex  a  structure,  may  some- 
times differ  from  the  lype  we  assign  to  them  in 
our  tabular  arrangement  of  formatioDS. 


tertiary  clay  and    sandstone   with   lignites 
(plastic    clay,    molasse,    and    nagelfluhe, 

OF   ARGOVIA). 

$  35,  At  the  beginning  of  the  tertiary  fmiaalion, 
as  w^  as  below  chalk,  orbetween  that  rock  and  tiie 
Jura  limestone,  we  find  deposites  of  lignite  j  thus,  we 
have  seen  the  great  deposits  of  coal  (coal  measures)* 
placed  on  the  limit  of  the  intermedituy  and  secondary 
formations.  The  two  secondary  wid  tertiary  fomu 
atioDs  commence  by  masses  of  buried  plants.  As 
we  advance  from  the  coal-sandstone  towards  the 
more  recent  formations,  the  monocotyledon  plants 
are  by  degrees  replaced  by  dicotyledon  [dants; 
the  former  are  even  found  above  the  chalk,  as  6at 
as  in  the  gypsum  with  bones  (endogenites  of 
M.  Adol|^e  Brongniart^  butnotfems) ;  in  genend, 
however,  dicotj'ledons  (ext^nites)  predominate  in 
tii«  d^iositeB  of  lignite.  I  am  less  surprised  at 
this  mixture  than  at  the  uniformity  of  the  mono- 
cotyledon vegetation  of  the  ancient  world,  of 
which  we  see  the  remains  in  the  intermediary 
£c»inalions,  and  in  the  coal-sandstone.  Amidst  the 
forests  of  Oroonoko,  which  are  extremely  rich  in 
monocotyledons,  thear  proportion  to  that  of  dico- 
tyledons is,  with  respect  to  the  mass,  that  is,  to  the 
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number  of  plants,  as  one  to  forty.  The  propor- 
tion therefore  which  the  coal  fonnations  present  is 
not  tropical ;  has  it  been  modified  by  the  unequal 
resistance  which  the  monocotyledons  and  dico- 
tyledons oppose  to  destruction  ? 

We  shall  unite  in  this  foimation  qf  sajtdstone 
with  lignite  above  tlie  chalky  the  parallel  fonnations 
of  plastic  clay,  marl,  and  sand  witli  lignites,  mo- 
lasse,  and  nagelfluhe. 

There  is  only  a  fragment  of  this  formation  in  the 
vicinities  of  London  and  Paris ;  it  is  found  much 
more  developed  in  the  south  of  France,  Switzer- 
land, and  Hungary.  The  chalk  is  covered  in 
France  and  England  by  a  bed  of  plastic  clay,  with- 
out shells  and  organic  remains,  entirely  destitute 
of  lime,  and  containing  some  silex  and  selenite. 
A  bed  of  sand  separates  the  plastic  clay  from  beds 
of  clay  (Jimsses  glaises),  which  are  more  siliceous 
and  darker.  The  latter  contain  lignite  or  fossil 
bituminous  wood  .produced  by  monocotyledon  and 
dicotyledon  plants,  real  amber  (according  to  the 
discovery  of  M.  Bequerel),  bitumen,  and  (Soisson- 
nbis,  Montrouge,  Bagneux)  a  mixture  of  pelagic 
and  fluviatile  shells  (cyrens^  fresh-water  cerithia 
or  potamides,  melaniae,  lymneee,  and  paludinffi). 
This  mixture  is  observed  usually  only  at  the  upper 
limit  of  the  plastic  clay  and  lignite.  According  to 
M.  Prevost,  the  sea^ells  resemble  those  of  the 
calcaire  grossier.  Interposed  beds,  sand  and 
sandstone  with  shells,  masses  of  concrefioned 
limestone,  with  crystals  of  sulphate  of  strontian. 
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The  fossils,  according  to  MM.  de  Fenisaac  and 
Brongniart,  are :  Planorbis  rotundalus,  Pahtdtna 
virgula,  P.  unicolor,  MeUmopsis  buccinoidea,  Nerita 
globtdosa,  Melania  triticeal  —  Ceritium  Jimatvmy 
AmpttUaria  depresses  Ostrea  beUovaca,  8^.  In 
England,  the  plastic  clay,  which  must  not  be  con- 
founded witii  the  London  clay  (representing  the 
calcaire  grossier  of  Paris),  nor  with  the  Oxfir-d^  or 
Clunch  clay  (of  the  Jura  formation),  abounds  more 
in  sand  than  clay-,  it  contains  lignite  (Isle  ot 
Wight,  Newhaven),  and,  what  is  remarkable  on 
account  of  the  analogy  of  this  formation  with  the 
molasse  of  Argovia  and  Hungary^  a  friable  sand- 
stone (Stutland  in  Dorsetshire).  In  this  form- 
ation, according  to  MM.  Webster  and  Buckland, 
impressions  of  leaves,  fruits  of  the  palm-tree,  cy- 
clades  (Cyclas  ctmeiformis,  C.  deperdita),  turriteUie, 
cerithia  {Cerititan  mekmoides,  C.  hiiermeditem), 
and  oysters  have  been  found  (Ostrea  pukhra, 
O.  terms). 

The  formation  containing  amber,  of  Pomerania, 
and  Prussia,  probably  placed  on  the  chalk,  is  com- 
posed of  clay,  lignite,  and  nodules  of  amber.  The 
organised  bodies  it  contains  have  been  recently 
examined  by  M.  Schweigger.  f^om  its  position, 
as  M.  Brongniart  has  judiciously  observed,  it  be- 
longs to  .the  formation  §  35. 

Sandstone  with  lignite  (molasse  and  macigno) 

are  spread  over  the  plains  of  Hungary,  as  well  as 

in  the  great  basin    of  Switzerland,  between  the 

Alps  and  the  Jura,  or  rather  between  die  lake 

c  c  S 
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crfAnnecy,  and  that  (rf*  Constance.  'I'he  fiirmation 
of  Hungary,  which  M.  Beudant  has  made  known, 
is  get^ostically  the  most  important,  because  it  is 
superposed  on  Jura  limestone  (Sari  Sap,  in  the 
\icinity  of  Gran,  and  hanks  of  the  lake  Bala- 
ton). It  is  immediately  covered  (near  Buda) 
with  shelly  limestone  an^ogous  to  the  limestone 
of  Paris.  It  is  composed  of  pudding-stones 
(nagelflube)  and  calcareous  breccias  alternating 
with  a  micaceous  sandstone  that  is  friable,  slaty, 
with  small  angular  grains  of  quartz,  sand,  and 
beds  of  clay.  It  contains  considerable  deposites 
of  lignite  (Csolndt,  south  of  Gran,  Wandorf 
near  CE^enbourg),  springs  of  bitumen,  gra- 
nular hydrate  of  iron,  iresh-water  shells,  and,  at 
the  contact  with  (he  superposed  calcaire  grosner, 
salt-water  ^ells.  The  areneiceous  Jbrmation  of 
Switzerland,  which  comprehends  the  molasse  and 
nagelfluhe,  is  composed,  according  to  the  late  re- 
searches of  MM.'de  Charpentier  and  I*ardy  (be- 
ginning by  the  lower  beds),  1%  of  sandy  SmestonCt 
a  little  ferruginous,  passing  often  to  a  real  sand- 
stone with  a  calcareous  cement ;  ^,  pudding-straie 
(nage^uhe)  containing  calcareous  uid  siliceous 
fr^ment^  constantly  round  and  agglutinated  by  a 
calcareous  cement ;  3°,  molasse  or  sandstone  with 
small  grains  of  quartz,  and  with  an  argiHaceous 
and  marly  cem^it.  Veins  of  calcareous  spar  often 
traverse  the  nageUnhe  and  the  molasse  (&ie  and 
friable  sandstone),  and  altranato  with  beds  of  marl. 
The  iiagdfluhe>  which  contains  both  pebbles  of 
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porphyry  and  of  compact  limestone  (Rigi,  Fribourg* 
Entlibuch),  ia  not  always  covered  by  molaese ;  and 
M.  de  Buch  has  long  since  remarked,  that  between 
Habkern  and  little  Emmethal,  molasse  alternates 
several  times  with  nagelfluhe.  The  whole  of  this 
formaticm,  the  surface  of  which  is  generally  un- 
covered, is  placed  immediately  towards  the  north 
(Arau,  Porentruy,  Boudry)  on  Jura  Umestone,  and 
towards  the  south  on  alpine  limestone  (vicinity  of 
Geneva  and  Teufenbachtobel  south-east  of  Rigi). 
Some  cdiebrated  geognosta  have  long  regarded  na- 
gelfluhe, £rom  the  inclination  of  the  beds,  as  ante- 
rior to  the  alpine  limestone.  M.  Kefersteln  also 
considers  the  molasse  (mergelsandstein)  to  be  be- 
low the  chalk,  and  even  Jura  limestone.  A  fetid 
smd  bituminous  limestone,  a  fibrous  and  clay  gyp- 
sunn,  alternating  with  marl  which  contains  ommo- 
nites,  a  compact  yellowish-brown  limestone,  and 
tignite,  form  the  subordinate  beds  of  the  molasse  in 
Switzerland  The  deposite  of  lignite  which  is 
worked  near  S.  Saphorin,  between  Vevay  and  Lau- 
sanne, is  covered  by  nagelfluhe ;  that  of  Paudex  is 
interposed  in  the  molasse.  The  whole  of  this  form- 
ation  contains  in  Switzerland  marine  shells  (ammo- 
nites, cythereKE,  donax)  and  also  fresh-water  shells 
(lymnete,  planorbes),  palmacjtes  with  flabelliform 
leaves  (Montrepos),  and  bones  of  quadrupeds 
(Aarber^  Estavayer,  Kfepifaach  on  the  banks  of 
rfie  lake  of  Zuric),  which,  according  to  the  re- 
searches of  M.  Meisner,  belong  to  the  Anaplotke- 
rium,  the  Masiftdon  aitguslidens,  and  the  Beaver.  In 
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the  molaase  of  Cremin  and  Combremont,  a  shelly 
marine  breccia  repoaes  on  a  brown  Umestone  filled 
with  planorbes.  M.  Brongniart,  from  the  yearlSl?, 
insisted  on  the  analogy  of  the  plastic  clay  of  Paris, 
with  a  part  of  the  formation  of  nagelfluhe,  and  the 
molasse  of  Switzerland  so  long  confounded  with  the 
variegated  sandstone  of  Germany.  He  also  thinks 
that  the  molassewhich  contains  bonesofmastodontes 
and  of  antkracoteritem  (Cadibona  near  Savone),  is 
still  more  recent  than  the  plastic  clay  -y  that  it  is 
either  connected  with  the  calcjure  grossier,  which 
isoiten  arenaceous,  or  is  the  parallel  of  the  gypsum 
of  Montmartre.  The  bones  of  vertebrated  animals, 
rarely  found  in  the  plastic  clay  of  Paris  and 
London  (near  Auteuil  and  Margate),  have  not  yet 
been  zoologically  determined,  and  M.  Cuvier,  in 
pursuing  his  important  researches  on  the  position 
of  fossils,  has  not  hitlierto  recognised  any  remains  of 
land'TnanmifertB,  except  in  formations  posterior  to 
the  calcaire  grassier.  From  these  considerations, 
the  molasse  or  sandstone  with  lignite  of  Hungary 
may  have  been  anterior  to  those  of  Switzerland ; 
but,  as  the  formations  of  calcaire  grossier  (Parisian 
limestone)  and  gypsum  with  bones  are  scarcely 
developed  in  the  latter  country,  abd  that  in  general 
the  frequent  alternation  of  the  tertiary  rocks  ren- 
ders their  parallelism  a  little  uncertain,  the  long 
period  of  the  formation  of  molasse  and  nagelfluh^ 
in  Switzerland  (that  of  lower,  upper,  arenaceous, 
marly,  calcareous,  and  gypseous  beds),  may  have 
been  contemporary  with  the  three  formations  of  the 
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-  plastic  clay,  calcaire  grossier,  and  gypsum  of  the 
vicinity  of  Paris. 

The  formation  with  which  we  are  now  occupied 
is,  according  to  the  recent  observations  of  M .  Bou6, 
extremely  developed  in  the  south-west  of  France, 
from  Liboume  to  Agen,  above  all,  at  the  north  of 
the  Dordogne  and  the  Gironde,  where  it  reposes  on 
chalk.  It  is  there  composed  (beginning'  by  the 
upper  beds)  of  calcareous  sanifetone,  filled  with  the 
remains  of  shells,  and  the  bones  of  vertebrated  ani- 
mals, small  beds  of  globular  iron,  grey  and  green- 
ish marl,  and  yellowish  limestones  with  cerithia. 
Deposites  of  lignite  have  there  been  recognised  by 
M.  BrongniMt  (Descr.  geoL,  art  iL  §  1.),  but  they 
are  not  numerous;  and  the  position  of  this  are- 
naceous formation  between  the  chalk  and  the  cal- 
caire grossier  of  Bourdeaux  characterises  it  suffi- 
ciently as  the  mdasse.  The  sandstone  with  lignite 
may  locally  be  destitute  of  lignite,  as  the  red  or 
coal-sandstone  is  often  destitute  of  coal.  As  almost 
all  the  secondary  formations  have  their  sandstone 
and  their  congloTnerates,  we  must  not  considerall 
the  nagelfluhes  of  Europe  (polygenic  pudding- 
stones  of  the  classification  of  M.  Brongniart)  as 
belonging  to  the  same  formation,  §  d5.  There  are 
soine  which  appear  to  be  only  local  formations, 
and  of  small  extent;  others  (Salzbourg  and  S.Gall?), 
according  to  the  judicious  observation  of  M.  Bou£, 
are  perhaps  more  ancient  than  the  chalk  and  Jura 
limestone.  The  analogy  alsoofsbme.beds  placed 
l>etween   the  quadeisandstein  and  the  chalk  with 
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those  placed  between  the  chalk  and  gypsum  with 
bones,  is  a  phenomenon  well  worthy  of  the  atten- 
tion of  geognosts. 

Immense  deposites  of  sand,  clay,  and  lignite, 
with  mellite  (Artem),  and  wiUi  amber  (bemsteiD 
of  Muskau,  and  bemerde  of  Zittau),  cover  a  part  of 
Germany.  Beds  of  very  quartzose  sandstone  are 
there  found  (Carlsbad,  Habichtswald,  Meissner, 
Wilhelmshohe  near  Cassel,  Woliseck),  chiefly 
where  beds  of  basalt  are  superposed  on  clay 
with  lignite.  On  account  of  this  proximity,  the 
improper  denomination  given  anciently  to  this 
sandstone  (which  may  be  mineral<^cally  confound- 
ed with  the  quajtzme  part  of  the  validated  sand- 
stone, and  with  that  of  Fontainebleau),  was  that  of 
tr^sandstone  (trapp-sandstein).  Do  the  sands 
with  garnets  (granatensand),  that  is,  the  clays  and 
marl  of  Meromtz  and  Fodsedlitz  in  Bohemia,  which 
contain  disseminated  pyropes,  belong  to  the  same 
formatioD,  %  85.,  or,  as  several  phenomena  observed 
in  the  Cordillera  of  Mexico,  and  the  Isle  of  Graciosa 
(Archipelago  of  the  Canaries),  would  lead  me  to 
suppose,  to  basaltic  clay  of  igneous  forination? 

LIMESTONE  OF  PABJS  (CALCAIBE  OROSSEBIl,  OR 
CALCAIRE  A  CERITES),  THE  PARALLEL  FORMATION 
TO  THE  LONDON  CLAY,  AND  THE  ARENACEOUS 
LIMESTONE    OF   BOGNOR. 

S  36.  This  very  complicated  formation,  ibund 
in  Hungary,  in  Italy,  and  in  the  new  continent, 
was  entirely  misunderstood  before  the  pubhcation 
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of  the  Mmeralogical  Geography  qfthe  Etwirons  ({f 
Ptais.  The  cdicaire  grossier,  separated  by  a  bed 
of  plastic  clay,  consists,  In  the  basin  of  the  Seine, 
according  to  M.  Brongniart,  of  tbin  beds  alternating 
very  regularly,  of  limestone  more  or  less  hard,  and 
argillaceous  or  calcareousmarl.  Thefbssil  shells  are 
generally  the  same  in  corresponding  beds  throu^ 
a  very  considerable  extent  of  country,  and  exhibit 
a  remarkable  difierence  in  the  species  in  different 
systems  of  beds.  This  phenomenon  of  uni- 
formity in  the  distribution  of  aniniids  chiefly  cha- 
racterises the  tertiary  formation ;  we  b^in  to  ob- 
serve it  in  the  di£ferait  beds  that  compose  ^e 
Jura  formation  in  Switzerland  and  England.  The 
lower  beds  of  the  calcaire  grossier  of  Paris  are 
cbloritoufi  (glauconeuses),  arenaceous,  and  contain 
madrepcH'es  and  nummulites.  In  the  middle  beds 
many  impressions  are  found  of  leaves  and  stalks  o^ 
plants  (^Endogenites  echinatus,  ElabelUtes  parisiensis, 
PinusDefraru:u,aocorSingto  the  workof  M.  Adolpbe 
Brongniart  on  fossil  vegetables),  millioUtee»  ovulites, 
cythereie,  but  scarcely  any  cerithia.  The  upper  bads 
contain  lucina^  ampullaria,  striated  corbulae,  and  a 
great  variety  (nearly  sixty  species)  of  cerithia  j  bttt. 
In  general,  the  latter  strata  abounds  less  in  fosdl 
bodies  than  the  middle  and  lower  stottai  in  which 
MM.  De&ance  and  Bron^usrt  have  collected 
near  600  ^ecies  (^  shdls.  The  &mous  shdiy  bed 
of  Grignon  asd  the  fossils  of  the  Fahm  de  ^QW- 
rame  belong  ^ncipaUy  to  the  middle  strata.  In 
these,  and  in  the  system  of  the  i^per  b^ds^  tjbie 
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calcareous  layers  are  sometimes  entirely  replaced 
by  sandstone  or  masses  of  homstone  (homstein). 
MM.  Gillet  de  Laumont  and  Beudant  observed 
(between  Pierrelaie  and  Franconville  near  Beau- 
ch^np)  that  these  sandstones  exhibited  a  mixture 
of  marine  and  fresh-water  shells  (limneee  and  palu- 
dinse).  The  fo^ils  of  the  Pansian  limestone,  among 
which  belemnites,  orthoceratites,  baculites,  or  am- 
monites are  never  found*  differ  entirely  from  those 
of  the  chalk. 

Some  of  the  shelly  deposites  which  represent,  in 
different  parts  of  Europe,  the  formation  we  describe, 
are  identical  in  composition  and  aspect  (plains  of 
Vienna,  described  by  M.  Prevost ;  hills  of  Pest  and 
Teteny  in  Hungary,  described  by  M.  Beudant), 
but  they  are  sometimes  analogous  only  by  their  geo- 
gnostic  position,  and  by  the  fossil  remains  they  con- 
tain (England).  The  calcaire  grossier  of  Hungary 
containing  cerithia,  turritellae,  ampuUaria,  venuses, 
andcrassatells,  scarcely  recognisable,  because  only 
the  mould  remains,  present  the  most  minute  empy- 
riod  characters  by  which  the  Parisian  Umestone  is 
recognised.  They  are  connected  with  shelly  sands 
(Czerhat,  Raab)  which  are  partly  mixed  with 
green  grains,  and  which  have  a  great  analogy  with 
the  shelly  depc^ites  of  the  plains  of  Lombardy. 

The  calcaire  grossier  of  the  Dordogne  and  the 
Gironde,  which  are  geographically  nearer  to  the  ba- 
sin of  the  Seine,  does  not  always  display  that  resem- 
blance of  composition  which  we  have  just  remarked 
in  those  of  Hungary.    It  is  composed,  according  to 
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the  recent  observations  of  M.  Bou4,  of  two  very 
distinct  strata.  The  lower  is  a  little  shelly,  with 
broken  fossil,  bodies,  and  contains  compact 
yeUowish-white  limestone  sometimes'  marking 
like  chalk,  marl,  and  beds  of  quartzose  pebbles. 
The  upper  strata  is  a  sandy  limestone,  extremely 
shelly,  and  sometimes  nearly  resembUng  brownish 
molasse. 

In  England,  according  to  the  researches  of 
MM.  Buckland,  Webster,  and  Sowerby,  the  Lon- 
don clay  is  not  only  by  its  superposition  to  plastic 
clay  a.  parallel  formation  to  the  limestone  of  Paris, 
but  also  contains  ^most  all  the  species  of  shells 
which  seem  to  belong  more  particularly  to  the 
lower  beds  of  that  limestone.  The  formation  in 
the  basin  of  the  Thames,  which  the  English  geo- 
gnosts  designate  commonly  by  the  name  of  London 
clmf,  is  only  a  deposite  of  clay  and  brownish  marl, 
containing  sulphuret  of  iron  and  some  crystals  of 
selenite  ;  but  this  bed,  in  other  parts  of  England, 
approaches  much  nearer  to  the  calcaire  grossier,  in 
its  mineral(^c&I  composition.  It  presents,  accord- 
ing to  MM.  Conybeare  and  Phillips,  on  the  coast 
of  Sussex,  at  Bognor,  and  near  Harwich  (Essex), 
beds  of  compact  and  sandy  limestone,  in  which 
are  found,  besides  the  fossil  bodies  peculiar  to  the 
analogous  formation  in  the  basin  of  Paris,  impres- 
sions of  &h,  bones  of  turties  and  crocodiles  (Isling- 
ton), a  specie  of  ammonites  (ammqmfes  aaifus, 
at  Minstercliff)  and  lignite.  The  Ceritheum  gigatt- 
tetm,  common  in  the  clay  of  London,  belongs  in 
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France  only  to  the  lower  bed  of  calcidre  grossier, 
which  is  also  destitute  of  every  other  species  of 
cerithia.  The  London  clay,  in  which  amber  has 
been  found  (Holdemess  in  Yorkshire),  appears  to 
have  a  nearer  relation  with  the  plastic  clay  (tertiary 
sandstone  witli  lignite)  than  the  cdcaire  grossier 
of  Paris. 

M.  Brongniart  connects  with  this  formation  the 
greater  part  of  the  calcareo-tiap  formations  of 
the  Vicentine  (VaJ  Ronca,  Monteochio  mag- 
gi(»^  Monte  Bolca),  the  hill  of  the  Supergue  of 
Turin,  the  cape  S.  Hospice  near  Nice,  the  Great 
Land  of  Guadeloupe,  &c.  The  celebrated  impres- 
sions of  fish  of  Monte  Bolca,  on  which  M.  filainville 
has  undertaken  an  inter^ting  work,  are  not  pro- 
perly found  in  the  calcaire  grossier,  according  to  the 
researches  of  M.  Maraschini,  but  (which  is  seen 
particularly  at  Novale  and  Lugo  near  Salceo)  in  a 
ietid  and  slaty  limestone,  separated  fit>ni  coarse 
sandstone  by  a  bed  of  clay  with  lignite.  This 
position  appears  to  me  to  connect  the  bituminous 
marl  (of  Monte  Bolca)  with  the  impressions  oftmh. 
and  leaves,  to  the  marl  of  the  gypsum  with  bones 
of  Montmartre. 

In  equinoxial  America,  where  I  did  not  observe 
any  formationa  of  chalk  and  sandstone  with  lignite, 
the  hills  that  border  on  some  parts  of  the  Cordil" 
lera  of  Venezuela,  on  the  sea-side  (Castillo  of  San 
Antonio  of  Cumana,  Cerro  del  Barigon  in  the  pen- 
insula of  Araya>  Vigla  de  la  Fopa  near  the  port  of 
Carthagena),  appear  to  me  to  belong  to  the  caL- 
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caire  grossier.  Those  hills  are  composed,  1°,  of  a 
compact  and  arenaceous  limestone,  whitish-grey*  of 
which  the  beds,  sometimes  horizontal,  sometimes 
irr^ularly  inclined,  are  five  or  six  inches  thick 
(some  beds  are  nearly  destitute  of  petrifactions, 
others  are  filled  with  madrepores,  cardites  ostra- 
cites,  and  turbinites,  mixed  with  large  grains  of 
quartz);  Q",  a  calcareous  sandstone,  in  which  grains 
of  sand  are  more  ^quent  than  shells  (several 
layers  of  this  sandstone,  containing,  not  spangles 
of  mica,  but  nodules  of  brown  iron,  and  being  so 
siliceous  that  tiiey  scarcely  effervesce  with  acids, 
fossil  bodies  being  wanting  in  them  altogether); 
8°,  beds  qf  hardened  clay  with  selenite.  The 
calcareous  stratum,  of  which  I  deposited  con- 
siderable specimens  in  the  cabinet  of  natural 
history  at  Madrid,  exhibit  (between  Punta 
Gorda  and  the  ruins  of  the  castie  of  Santiago 
d'Araya)  an  innumerable  quantity  of  solens,  am* 
puUaria,  oysters,  and  corals,  partiy  disposed  by 
fiunUies.  This  tertiary  fonnation,  composed  of 
shelly  limestone,  with  grains  of  qu^tz,  clay,  marl, 
and  calcareous  sandstone  is  found  geographically 
connected  with  the  tertiary  formations  of  the  islands 
opposite  to  the  coast  of  Cumana,  for  instance,  Qua- 
delope  and  Miutinico.  It  sometimes  reposes  im< 
mediately  on  the  alpine  limestone  (Punta  Delgada), 
sometimes  on  the  saliferous  clay  of  Araya,  of  which 
I  have  spoken  above  (§  28.  p.  321). 
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siliceous  liuestone,  and  otpsuh  with  bones, 
alternating  with  marl  (gypsum  ot  mont- 
martre). 

§  37,  According  to  the  principles  of  clarifi- 
cation which  I  have  followed  in  this  work,  I 
might  have  separated  the  siliceous  limestone 
(calcaire  siliceux,  Champigny)  from  the  gypsum 
alternating  with  marls  both  marine  and  of  fresh- 
water ;_  but,  not  having  been  able,  in  the  course 
of  my  travels,  to  make  the  formation  above 
the  chalk  a  particular  object  of  my  studies,  I  do 
not  wish  to  change  any  thing  in  the  general  sec- 
tion shown  in  the  work  of  MM.  Brongniart  and 
Cuvier. 

The  siUceous  Umestone  of  the  basin  of  Fans,  which 
is  sometimes  tender  and  white,  sometimes  greyish, 
very  fine-grained  and  cavernous,  is,  as  it  were,  pene- 
tnited  through  all  its  mass  bysilex,  or  quartzose  mat? 
ter.  It  is  closely  connected,  towards  the  upper  part, 
with  gypsum,  by  the  argillaceous  and  gypseous  marl 
which  alternates  both  with  siliceous  limestone  and 
gypsum  with  bones  (ridge  of  the  Brifie  of  S.  Denys, 
Crecy,  Coulommiers);  and,  towards  the  lower  part, 
with  the  calcaire  grossier,  the  last  beds  of  which  ex- 
hibit sometimes,  also,  siliceous  infiltrations ;  but  the 
homstone  of  the  calciure  grossier  contains  marine 
shells,  while  the  siUceous  lim^tone  of  the  g^^um 
formation,  used  for  mUlstoiies,  has  fluviatale  shells 
in  its  upper  beds.  I  have  already  observed  above 
(S  28.  p.  331.)  that  on  the  back  of  the  CorcUUeras, 
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,at  th6  height  of  1800  toises,  a  very  ancient  cal- 
careous formation  (alpine  limestone)  affords  the 
same  curious  phenomenon  of  a  siliceous  infiltra- 
tion. Analogous  modifications  in  the  composition 
of  rocks,  and  the  chemical  mixture  of  substances, 
have  taken  place  at  very  different  epochas.  The 
calcareous  marl  which  alternates  with  the  siliceous 
limestone  of  Paris,  contains  magnesUe,  iirst  made 
known  fay  MM.  Brongniart  and  Berthier,  and 
which  is  a  silicate  of  hydrate  of  magnesia  almost 
pure.  The  siliceous  infiltrations  of  this  formation 
pass  sometimes  to  a  calcedony  divided  into  laminse 
and  to  homstone  coloured  red,  violet,  and  brown.  : 
In  the  basin  of  Paris  the  gypsum  formation  is 
composed  of  alternating  beds  of  slaty  marl  and 
saccharoid  gypsum  compact  and  foliated.  It 
contains  in  its  middle  part,  and  where  its  mass 
is  greatest,  land  productions ;  but  towards  its  up- 
per' and  lower  limits,  both  in  the  gypsum  and  marli 
it  contains  marine  productions.  The  lowest  strata 
of  the  gypsum  formation  is  characterised  by  the 
silex  menilite  and  large  crystals  of  lenticular  and 
yellowish  selenite.  The  beds  of  marl  become  fewer 
fowards  the  middle,  where  sulphate  of  stron- 
tian  and  skeletons  of  fish  are  more  particularly 
found;  The  upper  division  is  characterised  by  a 
multitude  of  bones  of  land  mammiferae,  now "  un-^ 
known  on  the  globe  (^PaltBotherivm  crassum,  P. 
mediwn,  P. magnum,  P. latum,  P.curtum,  Aruiplothe- 
rivm  commune,  A.  secundarium,  A.  marinum,  theCfta- 
eropotame  and  the  Adapts  of  M.  Cuvier)  j  by  bones 
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of' bircU,crococlile8,tiyoiMx,andfresh-witerfid»:  itift 
covered  by  beds  of  calcareous  and  argillaceous  marl, 
some  coDtaining  wood  of  tiie  palm-tree,  planotbes^ 
limneae  and  cythereffi  {Cytherea  elegans)-^  others 
cerithia  (Cerithhem  plkatum,  C.  ctncttm),  venuses, 
and  large  thick  oysters  (jOstrea  hippopus,  O.  pseu^ 
dochama,  O.  hmgirostris,  O.  cyatuia).  Towards 
the  upper  limit  of  the  gypsum  formation,  a  bed  of 
green  marl  separates  the  fresh-water  from  the  pela- 
gic shells.  Towards  the  lower  part,  the  gypsura 
itself  furnishes  marine  fossils  (No.  26.  of  the  tiiird 
mass  of  Montmartre).  Sometimes  this  formation  is 
not  entirely  developed  ;  gypsum  is  wanting,  and  its 
place  is  only  recognised  by  green  marl  acC(Hn- 
panied  by  strontian.  The  gypsum  with  bones  having 
as  yet  been  studied  only  in  very  i&fr  places  (basin 
of  Paris,  Puy-en-V61ay,  Aix  en  Provence),  the 
characters  that  we  attribute  to  this  formation  so 
important  to  geogony,  or  the  history  of  the  ancient 
revolutions  of  our  planet,  are  probably  not  suffi- 
ciently general. 

SANDSTONE     AND    SAND     ABOVE    THE   GYPSUM   WITH 
BONES    (sandstone    OF   FONTAINEBLEAU). 

§  38.  This  formation  consists  of  two  divifflMW; 
the  lower  is  without  shells ;  the  upper  contmns  ma- 
rine shells.  Sihceous  sands  and  sandstone  farm 
very  thick  and  extended  beds,  the  surfaces  oT 
wWch  are  not  parallel  In  the  bed  without  ^ella  m 
situ  (those  of  Villers-Cottereta  and  Thury  appear 
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to  M.  Bi^ongni^  to  be  worn  as  if  they  had  been 
tolled),  s  quantity  of  scales  of  mica  occur  in  some 
places,  also  nodulea  of  brown  iron  disposed  in  beds, 
a  little'  gypsum^  and  argillaceous  marl  and  infiltra- 
tioBs  of  carbonate  of  lime  (Forest  of  Fontainebleau). 
The  upper  division,  which  contains  marine  shells 
(Ofiffl  TtUtreola,  Ceritkium  eristatum,  C.  lameUosiant 
Cofkuh  rugosa,  Ostreajlabelhila)^  sometimes  passes 
to  an  arenaceous  limestone  (Romainville,  Mont- 
martre).  The  immense  tertiary  formation  of  Italy, 
that  of  the  subapemune  hills,  with  bones  of  cetace» 
aftd  Ostrea  hippopus,  which  extends  from  Asti  in 
Piedmont  as  far  as  Monteleone  in  Calabria,  wad 
which  M.  Brocchi  has  described  so  well,  belong, 
for  the  most  part,  according  to  the  discussions  of 
MM.  Prevost  and  BrongniMt,  to  the  sandstone  and 
f»nd  which  repose  on  the  gypsum  of  Montmartre.  . 


PRESH-WATER   FORMATION,  WITH   CAVERNOUS    MILL- 
STONE   (meuliere),    above  th£;  sandstone  of 

FONTAINEBLEAU  (CALCAII^    A   LYMNEEs). 

5.-39.  This  is  the  great  upper  fresh- water  form- 
ation, composed  in  some  parts  of  argUIo-ferruginous 
sand,  marf,  and  siliceous  meuliere  filled  with  ca- 
vities (with  shells,  plateau  of  Montmorency  j  with- 
out shells,  La  Ferte-sous-Jouarre) ;  in  other  places, 
of  silex,  marl,  and  compact  limestone  (Chateau- 
Landon).  These  limestones  contain  potamides,  lym- 
nesB,  planorbes,  bulimi,  helices,  and  many  impressions 
of  plants  (Ctdmites  anomalus,  Lycopodites  sguam' 
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maius,  Chara  medicagimila,  Nynvphosa  Aretkusa  of 
M.  A.  Brongniart).  We  refer  our  readers,  for  the 
history  of  this  great  fresh-water  formatioii,  which 
has  already  been  found  in  dmost  every  part  of 
Europe,  to  the  2d  edition  of  the  Desertion  G60I0- 
gique  des  Environs  de  Paris  (art  8.). 

One  pMt  of  the  globe,  where  the  greater  part 
of  the  tertiary  fonnations  have  acquired  a  con- 
siderable developement,  and  where,  for  this  rea- 
son, these  formations  have  remained  sufficiently 
distinct,  has  served  as  a  type  in  the  tabular  ar- 
rangement of  the  tertiary  formations;  but  we  must 
not  forget  that  in  other  countries  this  develope- 
ment stops  at  the  plastic  clay,  or  at  the  calcaire 
grossier :  the  gypsum  of  Montmartre  and  the  sand- 
stone of  Fontainebleau,  therefore,  appear  to  be 
indicated  only  by  the  parts  occupied  by  marl  and 
sand.  The  tertiary  formation  includes  beds  that 
are  confounded  together  where  they  have  not  at- 
tained an  equal  thickness,  and  where  the  frequent 
alternation  of  marl  tends  to  mark  the  limits  of  dif- 
ferent strata.  It  might  remain  for  me  to  speak  of 
alluvial  deposites,  which  present  important  pro- 
blems on  the  origin  of  sand  in  desarts  and  steppe, 
(produced  by  the  red  sandstone,  variegated  sand- 
stone, quadersandstein,  and  tertiary  formation?);  but 
these  depo^tes,  so  varied  in  their  alternation,  can- 
not be  the  object  of  a  work  on  the  superposition  of 
rocks. 
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VOLCANIC  FORMATIONS. 


For  the  reasons  which  I  have  mentioned  above, 
I  have  made  secondary  and  volcanic  fonnatioDS 
succeed,  as  by  a  kind  of  bisection,  to  the  interme- 
diary formation  (Uebergangsgebirge).  This  ar- 
rangement has  the  advantage  of  bringing  the  trans- 
ition porphyries  and  syenites,  with  their  porous, 
pyroxenic,  and  interposed  beds  (§§  23.  and  24., 
Holmstrand  in  Norway,  Andes  of  Popayan;  Cordil- 
leras of  Mexico),  nearer  on  one  hand  to  the  por- 
phyries, amygdaloids,  and  dolerites  of  the  red 
sandstone  (§  26.,  Noyant  and  Figeac  in  France, 
Scotland),  and  on  the  other,  to  the  trachytes, 
phonolites,  and  basalts  of  the  formation  exclusively 
called  pyrogenic.  In  a  table  of  position,  much  is 
already  gained,  when  we  do  not  separate  what  is 
connected  in  nature  by  real  get^nostic  affinities. 

We  may  consider  the  group  of  rocks  that  are 
generally  united  in  a  volcanic  formation  in  a  double 
point  of  view,  according  to  a  certain  conformi^ 
observed  in  their  position  and  superposition,  or  ac- 
cording to  the  relation  of  their  composition  and 
common  origin.  In  the  first  case,  without  opposing 
the  mode  (tf  formation  of  trachytes  and  basalts  to 
that  of  primitive  and  intennediary  formations,  we 
pbserve  the  place,  which,  as  terms  of  the  geognostic 
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series,  ought  to  be  occupied  by  the  great  systems 
of  rocks  composed  of  feldspar,  pyroxene,  horn- 
blende, olivine  and  titaneojos  iron,  ,&yn4  at  the 
north  and  south  of  the  equator  uncovered,  in  cir- 
cumstances altogether  analt^ous,  and  as  if  super- 
added to  more  ancient  formations.  This  manner  of 
investigating  and  classing  volcanic  rocks  is  the 
most  conformi^le  to  the  progress  of  positive  geo- 
gnosy. Trachytic  and  basaltic  rocks  are  united, 
not  according  to  their  mineralogical  composition, 
and  the  apparent  conformity  of  their  origin,  but  ac- 
(X>rding  to  their  grouping  and  position  ;  they  are 
distributed  among  other  rocks  from  their  relative 
age,  as  has  been  done  in  the  primitive  and 
intermediary  formations  of  granular  limestone 
(SS  10.  and  20.),  euphotides  (§§  19-  and  26.), 
and  porphyries  (§§  18.  22,  23.  and  26.),  In  the 
second  case,  by  the  denomination  of  volcanic 
formation,  every  thing  is  insulated  which  is  con. 
sidered  as  incontestd[)ly  of  igneous  origip ;  the 
terms  of  the  pyn^nic  series  are  opposed  to  other 
series  of  rocks  which  are  said  to  be  of  an  aqueous 
origin.  Thus,  what  nature  presents  by  gradual 
passages  is  s^arated  in  an  absolute  manner }  and, 
instead  of  exploring  tlie  position,  or  placing  rocks 
in  the  order  of  tlieir  succession,  a  preference  is 
given  to  historical  questions  oa  the  mode  of  their 
f(H:mation. 

I  confess  (and  we  cannot  be  too  explicit  in  the 
first  foundations  of  a  science)  that  these  classifica- 
titMis,  according  to  the  various  hypotheses  which  we 
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form  on  the  origin  qftMngSy  appear  to  me  not  only 
vague  and  arbitrary,  but  also  veiy  injurious  to  the 
progress  of  geognosy  qf  position;  they  prqudge 
in  an  arbitrary,  and  too  absolute  a  manner, 
what  is  at  least  extremely  doubtful.  In  divid- 
ing  the  formations,  according  to  a  superannuated 
custom*  into  primitive,  intermediary^  secondary^ 
tertiary,  and  volcanic,  they  admit,  in  some  degree, 
fff  a  double  principle  of  division ;  that  of  the  rela- 
tive age  or  succession  of  formations,  and  that  of 
their  origin.  If  we  distinguish  between  mastes  qf 
lava  and  rocks,  or  between  volcanic  rocks,  rocks  of 
neptvnian  Jbrmation,  and  substances  formed  by  a 
pretended  aquoso-igneous  liquefaction,  we  tacitly 
attribute  to  granites,  porphyries,  and  intermediary 
syenites,  to  the  dolerites,  and  amygdaloids  of  the 
red  sandstone,  a  mode  of  formation  diametrically 
opposite  to  that  of  igneous  fusion.  According  to 
this  manner  of  proceeding,  which  rather  belongs 
to  geogony  than  to  positive  geognosy,  all  that  is 
not  comprehended  in  the  volcanic  rocks,  in  the 
rocks  of  trachyte  and  basalt  which  cover  the  other 
ibrmations,  is  considered  as  formed  in  the  ktenid 
W€^,  or  as  jMrecipitated  from  an  aqtteous  solution.  It 
ia  almost  useless,  in  the  actual  state  of  physical 
icience,  to  remind  the  reader  how  little  the  hypo- 
thesis of  an  aqueous  solution  is  applicable  to  granite 
and  ^eiss,  to  porphyry  and  syenite,  to  euphotides 
and  jasper.  I  will  not  here  venture  to  decide  on 
the  circumstances  which  may  have  accompanied 
the  first  formation  of  the  oxidated  crust  of  our 
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planet ;  but  I  do  not  hesitate  to  range  myself  on 
the  side  of  those  geognosts  who  rather  conceive 
the  formation  of  crystalline  siliceous  rocks  by  6re 
than  by  an  aqueous  solution  in  the  manner  of  tra- 
vertino  and  other  j&esh-water  formations.  Besides, 
the  words  lava  and  volcanic  rocks  are  as  vague  as 
the  word  volcano,  which  sometimes  designates  a 
mountain  terminated  by  an  ignmmie  mouth,  some- 
times the  subterraneous  cause  of  every  volcanic 
phenomenon.  The  trachytes  which  rise  on  the 
back  of  the  Cordilleras  belong  indubitably  to  pyro- 
genic  rocks,  and  yf^  the  mode  of  their  formation 
is  not  that  of  currents  of  lava  posterior  to  the 
hollowing  of  the  valleys.  The  action  of  volcanic 
fire  by  an  insulated  cone,  by  the  crater  of  a  modem 
volcano,  differs  necessarily  from  the  action  of  that 
fire  across  the  ancient  fissured  crust  of  our  planet. 
In  considering  volcanic  phenomena  in  the  most 
general  manner,  and  in  collecting  what  has  been 
observed  in  different  parts  of  the  globe,  we  see 
these  phenomena  difiering  from  each  other,  even  in 
our  days,  in  the  most  striking  manner.  The  vol- 
canoes of  the  Mediterranean,  which  alone  have  been 
carefidly  studied,  cannot  serve  as  a  type  to  the 
geognost,  and  afibrd  him  the  solution  of  the  great 
geogonic  problems.  T^ie  absolute  height  of  igni- 
vomous  mouUis,  varying  from  100  to  2950  tobes 
(Stromboli  and  Cotopaxi),  has  not  only  an  infiuence 
on  the  frequency  of  eruptions,  but  also  modifies 
the  nature  of  the  ejected  masses.  Some  volcanoes 
act  no  longer  but  by  their  flanks,  although  they 
have  still  a  crater  at  their  summit  (Peak  of  Tene- 
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riflfe) ;  some  have  lateral  eruptions  (which  I  fouiid 
at  Antisana  in  the  Andes  of  Quito,  2140  toises 
high),  without  their  summit  having  ever  been 
pierced ;  others,  hollow  within,  as  several  phe- 
nomena indicate  (trachytic  dome  of  Chimborazo, 
3350  toises),  have  no  permanent  opening  at  the 
summit  or  on  their  flank  (Yana-Urcu,  a  small  cone 
of  -  eruption  situated  in  the  table-land  of  Calpi), 
and  it  may  be  said,  act  only  dynamicaUy  in 
disturbing  the  surrounding  earth,  fracturing  the 
beds,  and  changing  the  surface.  Rucu-Pichincha 
(2490  toises),  which  was  the  particular  object  of 
my  researches,  has  never  ejected  a  current  of  lava 
since  the  hollowing  of  tiie  actual  valleys,  nor 
has  Capac-Urcu  (near  Riobamba  nuevo),  which 
before  the  overthrow  of  its  summit  was  loftier  than 
Chimborazo.  The  great  Mexican  volcano  of  Po- 
pocatepetl (9771  toises),  has,  on  the  contrary,  had 
overflowings  of  lava  in  the  form  of  narrow  bands, 
like  the  small  volcanoes  of  Auvergne  and  the  south 
of  Italy.  The  islands  that  issue  (almost  periodi- 
cally in  some  latitudes)  from  the  bottom  of  the  sea, 
are  not,  as  it  has  often  been  erroneously  said,  heaps 
of  scoria  similar  to  Monte  novo  de  Pouzzole,  but 
heaved  up  rocky  masses,  and  in  which  the  crater 
opens  only  after  their  elevation.  (Relat.  kistor.  de 
mon  Voyage  aux  regions  eqtiin.,  t.  i.  p.  I7I.;  and 
Essai  poUtiq-ue,  t  i.  p.  254.)  In  the  interior  of 
Mexico,  on  a  trachytic  table-land  more  than  thirly- 
six  leagues  distant  from  the  sea,  and  far  from  every 
burning  volcano,  mountains  1600  feet  high  issued 
from  a.  fissure  (29th  September,  1759))  and  threw 
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out  lavas  which  contain  granitic  fragments.  AU 
around,  a  surface  of  four  miles  square  was  heaved 
up  in  the  form  of  a  bladder,  and  thousands  of  small 
cones  (hornitoa  de  Jorullo),  composed  of  clay  and 
sfdls  of  basalt  in  concentric  layers,  are  scattered  on 
■this  rounded  surface.  All  the  bumiug  volcanoes 
and  peaks  of  New  Spain,  that  rise  above  the 
limit  of  perpetual  snows,  .are  found  on  a  narrow 
zone  (^parallel  to  the  great  heights,  between  18**  59' 
and  19°  1^  of  latitude),  which  is  perpendicular 
'o  the  great  chain  of  mountains.  It  is  like  a  fissure 
of  137  leagues  in  length,  which  extends  &om  the 
'coast  of  the  Atlantic  Ocean  as  far  as  that  of  the 
South  Sea,  and  which  seems  to  stretch  ISO  leagues 
further  towards  the  archipelago  of  Revijlagigedo, 
covered  with  tufa  composed  of  fragments  of  pumice. 
These  lines  of  volcanoes,  these  up-heavings  across 
continued  rents,  these  subterraneous  noises  (brami- 
dot  y  trwnos  subteraneos  de  Guanajnuiio,  in  1734) 
which  are  heard  in  the  midst  of  a  district  of  schist  and 
transition  porphyry,  connect  in  our  imaginations, 
the  stUl  active  forces  of  the  New  World,  with  those 
which  in  the  most  remote  times  heaved  up  chains  of 
mountains,  fractured  the  surftce,  and  made  fountains 
of  liquefied  matter(lavas)  gush  out  amidst  strata  more 
anciently  consolidated.  Even  in  our  days  this  lique- 
^ed  matter  does  sot  constantly  issue  from  the  same 
openings  in  the  orifice  of  a  mountain  (crater  at  the 
summit  of  a  volcano)  or  its  shattered  flank  \  the  earth 
«ometiraeB(Icetuid,  table-land  ofQuito)opens  in  the 
filiuns,  fr<»n  whence  currents  of  lava  issuer  overflow, 
cross,  and  cover  each  other ;  or  small  cones  of  a 
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nmddy  substance  (moya  de  Pelileo  de  Riobamba 
viejo,  Febiuary  4.  1797).  which  seems  to  have  been 
a  trachyte-punuce,  md  which*  b^ng  combustible 
and  jstainiog  the  fingers  black,  is  mixed  with  the  csi' 
buret  of  hydrogen.  (Humboldt,  Sssai  p^Htiqtic  sw 
laNmev.Espagne,  t.  i.  p.47.254',j  Id.,  Rfiat.hisio- 
rtque,  tip.  129.  148. 1^.  315.,  t  ij.  p.l6.30.  23.( 
Klaproth,  Chem,  Unterr.  der  Mm.,  t.  iv.  p.  289.) 

The  rocks  which  we  are  accuatomed  to  arrange 
tf^ether  under  tiie  name  of  substances  of  volc^mic 
formation  exclusively,  have  been  hitherto  more 
considered  as  to  the  oryctognostic  and  chemical 
relations  of  their  composition,  or  those  of  their 
origin,  than  according  to  the  geognostic  connection 
of  their  position  and  their  relative  age.  At  every 
«pocha,  since  the  first  oxidation  of  the  crust  of  the 
globe,  the  fire  of  volcanoes  has  acted  across  the 
rocks  of  the  intermediary,  seccmdary,  and  tertiary 
'  formations.  With  the  exception  of  some  fresh- 
water rocks,  volcanic  rocks  alone  continue  to  be 
formed  in  modem  times.  If  the  lavas  of  the  same 
volcimoes  (the  intermitting  springs  of  liqu^ed 
matter)  vary  at  different  epochas  in  their  eruptions, 
it  may  wdl  be  conceived  that  volcanic  matter, 
which  during  thousands  of  years  has  been  pro- 
gressively raised  towards  the  surface  of  our  planet 
in  such  di&rent  circumstances  (^'mixture,  pressure, 
and  cooling,  must  display  both  contrasts  and  ana- 
Ic^ies.  There  are  trachytes,  phonolites,  basalts,  ob- 
eidiui  and  pearlstone  of  di^rent  ages,  as  there  arc 
different  formations  of  granite,  gneiss,  mica-slate, 
limestones,  grauwacke,   syenites,  uid  porphyries. 
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The  nearer  we  approach  to  modern  times,  the  more 
the  volcanic  formations  appear  insulated,  super- 
added, and  foreign  to  the  soU  over  which  they  are 
spread.  A  long  intermission  of  the  spring  seems 
to  produce,  even  in  existing  volcanoes,  a  great 
variety  in  the  products,  -and  to  be  opposed  to  the 
grouping  of  analogous  substances.  In  the  trans- 
ition formations  (Andes  of  New  Grenada  and  Peru ; 
-Cordilleras  of  Mexico),  the  different  terms  of  the 
gec^ostic  seri^  are  connected  with  each  other, 
and  display  that  mutual  dependence  which  is  ob- 
served between  porphyries  and  syenites,  between 
clay'Slate,  greenstone,  and  transition  limestone,  and 
between  serpentines,  jasper,  and  euphotide.  In 
this  labyrinth  of  volcanic  formations  of  diflerent 
ages,  few  laws  of  position  have  been  hitherto  dis- 
covered, which  appear,  if  not  general,  at  least  in 
harmony  with  the  phenomena  observed  in  both 
continents  upon  a  great  extent  of  country.  It  is 
only  these  relations  of  position  that  can  here  be 
discussed ;  all  that  regards  the  composition  of  vol- 
canic rocks,  the  mechanical  ^malysis  of  their  texture, 
^d  their  oryctognostic  classification,  important 
subjects  which  have  been  considered  in  two  cde- 
brated  memoirs  by  M.  Fleurian  de  Bellevue,  and  M. 
Cordier  (Joum.  de  pfofsigue,  t.  U.  Ix.  et  Ixxxiii.), 
does  not  belong  to  the  domain  of  the  geognosy  of 
formations.  Some  characters  may  no  doubt  be 
pointed  out,  in  which  rocks  resemble  the  produc- 
tions of  modem  volcanoes  in  a  more  evijclent  man- 
ner :  but  the  black  colour,  the  porous  and  elongated 
cells  covered  with  a  shining  coat,  the  property  of 
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forming  a  jelly  with  acids,  the  ^sence  of  quartz,' 
common  feldspar,  and  metallic  veins  (auriferous 
and  argentiferous),  the  presence  of  pyroxene,  tita- 
neous  iron,  glassy  feldspar,  and  alc^dies,  cannot  be 
considered,  in  the  actual  state  of  our  knowledge, 
as  the  general  characters  of  volcanic  rocks.  (See 
above,  §§  21.  23.  26.) 

The  volcanic  masses,  or  what  are  considered  as 
such  (emjn/rodosian  rocks  of  M.  Mohs,  Charakter 
der  Classen,  -1821,  p.  l"??.),  are  found  either-ia 
veins  (dykes,  in  every  formation  &om  primitive 
granite  as  tar  as  the  chalk  and  tertiary  formations ; 
Scotland,  Germany,  Italy),  or  in  interposed .  beds 
(transition  limestone  and  porphyry ;  red  sandstone), 
or  superposed  and  superadded  to  formations  of  very 
different  ages.  The  contrast  between  intercalated, 
volcanic,  or  empyrodoxic  rocks,  and  the  rocks  in 
wbich  they  are  contained,  is  so  much  the  more 
striking  as  the  latter  are  indubitably  not  volcanic ; 
for  instance,  cfdcareous  rocks  (Derbyshire)  or  con- 
glomerates (grauwacke,  coal-sandstone).  When 
empyrodoxic  masses  are  found,  either  as  subordinate 
beds,  between  strata  of  intermediary  crystalline 
rocks  (porphyries  and  syenites),  or  as  veins  travers- 
ing the  strata  of  primitive  rocks  (gneiss-granite), 
those  primitive  and  intermediary  feldspathic  rocks 
may,  according  to  some  geognosts,  have  the  same 
igneous  origin  as  the  mass  of  interposed  beds  or 
veins  (mandelstein,  dolerite,  basalt),  although  the 
epochas  of  formation  and  the  circumstances  under 
which  the  volcanic  forces  have  acted  may  not  have 
been  identical.     The  distinction  between  veins  and 
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interposed  beds  of  trap,  pyroxenic,  or  porphyritic 
rocks,  are  not  always  so  clearly  marked  as  might  be 
supposed  &om  the  definltioDs  that  are  g^ierally 
given  of  veina  and  beds.  Several  erf  those  beds 
are  only  masses  formed  by  the  union  of  a  great 
number  of  veins.  When  these  follow  in  great 
thickness  (see  my  outlines  of  the  celebrated  vein 
of  Guanaxuato)  the  direction  and  inclination  of 
the  strata  of  any  rock,  they  assume  the  aspect  of 
a  bed.  We  are  the  more  particular  in  these  re- 
marks, because  the  new  doctrine  of  gec^ony  has  a 
tendency  to  lean  towards  the  idea  of  the  liquefied 
masses  ascending  across  the  fissures,  irom  below 
upwards,  while  the  ancient  geogony  explained 
every  thing  by  precipitation,  and  movements  in  an 
opposite  direction.  We  may  suppose  that  these 
directions  must  have  been  dii&rent,  according  to 
the  nature  of  the  consolidated  matter,  whether 
crystalline  and  siliceous,  calcareous  or  fragmen- 
tary. Positive  geognosy  has  profited  by  these 
discussions  on  the  igneous  or  neptunian  origin  of 
rocks,  but  it  renders  the  classifications  independent 
of  geogonic  results  j  it  does  not  separate  the  inter- 
posed masses  of  formations  in  which  they  are  found, 
and  only  unites  (in  the  division  of  rocks  which 
we  here  consider  by  the  name  of  volcanic  Jxrrm- 
athms)  the  superposed  formations,  superadded  to 
the  primitive,  intermediary,  secondary,  and  tertiary 
rocks. 

The  place  which  a  rock  s  occupies  in  the  geo- 
gnostic  series  is  determined  by  the  most  recent 
rock,  y,  which  it  covers,  and  by  the  most  tmcient 
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rodi,  t,  hy  "wJaeh  it  is  covered.  If  S  be  auperpOBCHi 
to  ^  it  is  quite  natural  that  it  ^ould  be  found 
placed  also  on  the  more  ancient  rocks  u,  ^y,  which 
are  the  preceding  terms  of  the  series.  The  appli- 
c^on  of  this  very  simple  principle  of  the  geognosy 
of  position  requires  great  circumspection  when 
trachytic,  basaltic,  and  phouoUtic  rocks  are  in 
question.  The  same  current  of  lava,  or  the  same 
pyroxenic  mass  spread  over  granite,  mica-slate,  and 
a  fresh-water  formation,  exhibits  no  doubt  incon- 
testable proofe  that  its  origin  is  posterior  to  the 
mast  modem  tertiary  formations ;  but  the  age  of 
a  volcanic  formation  is  more  difficult  to  determine 
when  there  is  not  a  continuity  of  mass,  and  when 
by  one  general  denomination  substances  that  have 
flowed  in  a  lateral  direction,  are  confounded  with 
others  that  have  come  from  below,  byup-heaving, 
across  pre-existent  rocks.  Where  trachytes  and 
basalts  are  found  united,  the  latest  formation  on 
which  the  basalts  repose  does  not  necessuily  de- 
termine tile  age  of  the  trachytes ;  both  these  rocks 
have  no  doubt  been  produced  in  a  diferent  ;nanner, 
«id  not  simultaneously.  It  is  even  possible  that 
in  a  district  of  small  extent,  di&rent  trachytic 
masses,  which  are- insulated,  but  of  similar  compo- 
sition, may  not  he  of  the  same  ftumation,  some 
coming  out  of  transition  syenite  others  ^m  primi- 
tive rocks.  The  accumulation  of  trachytic  con- 
^omerate  moat  iVequently  conceals  the  posltitm 
of  the  trachytes  so  much,  that  their  superposition 
cannot  be  ascertained.    Thus,   the  trachytes  of 
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Sl^eng^irge,  near  Bonn,  are  supposed  to  com6  but 
through  grauwacke,  and  those  of  Auvergne  from 
a  table-land  of  granite,  which  may  belong  to  the 
intermediary  formation.  In  the  same  manner  as  we 
should  distinguish  between  real  basaltic  currents 
witb  olivine,  and  the  pyroxenic,  spongy,  black 
masses,  interposed  to  the  trachytes  and  to  some 
tnuisition  porphyries ;  so  also  we  must  not  confound 
real  trachytes  (Drachenfels,  Chimborazo,  Antisana) 
with  feldspathic  lavas  (leucostiniques)  which  have 
flowed  in  narrow  bands  (ancient  crater  of  Solfa- 
tara  of  Naples)  and  which  may  spread  over  tu&. 
conglomerates.  (Dolomieu,  Jowm.  des  Mines, 
Nos.  41,  42.  et  ^.-t  Nose,  Niederrkein.  Beise, 
t.  ii.  p.  428.  i  Spallanzani,  Voy.  dans  les  deux  Sidles, 
t.  iii.  p.  196.  i  Ramond,  Nivellem.  gSogn.  de 
r Auvergne,  p.  11.91. ;  Buch,  Geogn.  Beob.,  t.  ii. 
p.  178.  205. ;  Id.,  Mem  de  V  Acad,  de  Bertin, 
1812,  p.  129 — 154.;  Beudant,  Fcty.  en  Hongricy 
t  iii.  p.  508—513.  521—527-  et  530—554.) 

The  trachytic  formation  in  Hungary  appears  to 
have  b^en  formed  between  the  epocha  of  the 
secondary  and  that  of  the  tertiary  formations. 
M.  Beudant,  who  has  written  the  most  complete 
treatise  which  we  possess  on  the  trachytic  rocks, 
has  seen  them  reposing  upon  greenstone  (Kreranitz, 
Dregely,  Matra)  and  transition  limestone  (Glashutte, 
Neusohl).  In  Hungary,  also,  trachytic  .conglome- 
rates cover  grauwacke-slate,  and  even  magnesiaii 
limestone,  which  appears  to  belong  to  the  Jura 
formation.     In  the  eastern  part  of  Europe  sandr< 
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stone  witli  lignite,  calcaire  grossier,  andothertertiary 
rocks,  are  superposed  in  their  turn  on  these  conglome- 
rates. Similar  superpositions  of  sandstone,  gypsum, 
and  limestone  of  a  very  recent  origin,  were  observed 
by  M.  de  Buch  and  myself  at  the  Canaries  and 
in  the  Cordilleras  of  the  Andes.  The  trachytes  of 
the  Euganean  mountains  repose,  according  to  an 
excellent  observer,  M.  Breislak,  on  Jura  limestone 
(Schivanqja,  near  Castelnuovo)}  but  in  the  country 
which  abounds  most  in  trachytic  rocks,  the  western 
part  of  the  new  continent,  both  north  and  south 
of  the  equator,  I  have  never  seen  trachytes  pierce 
through  formations  so  modem. 

The  most  important  results  of  position  which 
my  tinvels  in  the  volcanic  zone  of  the  Andes 
(1801 — 1804)  furnished,  may  be  reduced  to  the 
following  facts.  AU  the  loftiest  summits  of  the 
Cordilleras  are  trachytes.  The  existing  volcanoes  all 
act  by  openings  formed  in  the  trachytic  rocks. 
This  formation  comprehends  by  zones  a  great  part 
of  the  Cordilleras,  but  rarely  extends  towards  the 
plains  -f  and  the  volcanoes  which  are  still  huming» 
fer,  from  being  solitary  or  associated  by  groups  of 
an  irregular  form,  more  or  less  circular,  as  in  Europe 
(Ramond,  Niv.,.  p.  45.  j  Humb.,  Rel.  Hist.,  t.  ii. 
p.  1.6.),  follow  each  other,  like  the  extinguished 
volcanoes  of  Auvergne  and  the  burning  craters  of 
th,e  Isle  of  Java,  by  files,  sometimes  in  one  series, 
sometimes  on  two  parallel  lines.  These  lines  are 
generally  placed  (mountains  of  Guatunala,  Fopayan^ 
Los  Fastos,  Quito,  Fern,  and  Chili)  in  the  direction 
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of  the  axis  of  the  Cordilleras  ;  sometimes  (Mexico) 
they  make  an  angle  with  that  axis  of  70°.  Even 
where  the  trachytes  do  not  by  their  accumulation 
cover  the  whole  surface,  they  are  found  scattered 
in  small  masses  on  the  back  and  the  ridge  of  the 
Andes,  rising  in  the  form  of  pointed  rocks  amidst 
primitive  and  transition  rocks.  Trachytes  and 
basalts  are  rarely  united,  and  those  two  systems  of 
rocks  seem  to  repel  each  other  mutually.  Real  . 
basalts  with  olivine  do  not  form  interposed  beds  in 
trachyte,  but,  where  they  occur  near  trachytes 
(between  Quito  and  the  Villa  de  Ibarra ;  JiJumito 
at  the  west  of  Popayan  ;  valley  of  Santiago  in  New 
Spain ;  Cerros  de  las  Cuevas  and  Canoas  near  the 
volcano  of  Jorullo),  the  latter  are  covered  by  basalts 
and  mandelstein.  Trachytic  rocks  are  principally 
seated  in  the  transition  formation,  in  the  great 
formations  of  syenites  and  porphyries  (§§  21.  and 
US.),  anterior  and  posterior  to  grauwacke  and  clay- 
slate,  above  all,  in  the  first  of  those  formations, 
which  immediately  covers  the  primitive  rocks. 
When,  in  the  Andes,  trachytes  appear  to  cover 
granites,  with  hornblende,  gneiss,  and  green  and 
steatitic  mica-slates,  it  remains  doubtful  if  these 
latter  rocks,  instead  of  being  primitive,  do  not 
rather  belong  to  the  transition  formation.  We  may 
consider  it  as  equally  problematical  whether  these 
appearances  of  coverings,  these  superpositions  of 
trachytic  rocks  on  pre-existing  formations,  are 
not  rather  simple  appositions,  and  if  trachyte. 
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(Extentam  tumefecit  hmnum,  cen  Bpiritus  oris 
Tendere  vesicam  Eoiet,  aut  direpta  bicoraiB 
Terga  capri ;  tumor  ille  loci  permansit  et  aid 
CollU  babet  speciem,  longoque  induruit  eero ; 

Ovid,  Metam.  lib-  ix.,  on  the  heaved  up  cone 
of  Trecene  in  Argolide,) 

in  raising  up  and  breaking  the  ancient  crust  (^ 
the  globe,  did  not  issue  perpendicularly  in  the 
form  of  bells  (Chimborazo),  or  in  that  of  forti- 
fied castles  in  ruins  (summit  of  the  CordUleras 
of  Peru,  between  Loxa  and  Caxamarca).  The 
trachytes  of  the  Andes  and  gf  Mexico,  which 
contain  pearlstone  and  obsidian,  are  gener^y 
covered  only  by  other  volcanic  rocks  (phonolitei^ 
basalts,  mandelstein,  conglomerates,  punuce-tufas) : 
sometimes  small  local  formations  of  limestone  uid 
gypsum,  that  may  be  called  tertiary  because  they 
are  certainly  posterior  to  the  chalk,  surmoimt  the 
trachytes ;  but  these  trachytes  of  the  CordUleras 
towards  the  lower  part,  especially  if  they  are  not 
eevered,  are  geognostically  connected  in  tiie  closest 
manber  with  the  cellular  transition  porphyries, 
destitute  of  quartz,  and  containing  pyroxene  and 
glassy  feldspar,  sometimes  rich  in  argentiferous 
veins,  and  in  other  places  supporting  secondary 
formations,  even  black  and  carburetted  transitacHi 
limestone  (see  p.  141, 184.^19. 931.).  This  connec- 
tion may  be  a  reason  at  some  &ture  time  for  sup- 
pressing in  our  systems  the  volcanic  JbrmatUm, 
inasmuch  as  it  is  considered  as  opposed  in  the  mode 
of  its  formation  and  origin  to  all  other  rocks.  Tliere 
are  volcanic  rocka  in  the  transition  series  mid  iii  the 
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red  sandstone,  as  there  are  brecdas,  cemented  and 
united  by  the  action  of  water,  in  the  volcanic 
formation.  This  last  term,  to  give  it  a  precise 
meaning,  should  be  applied  only  to  the  productions 
of  volcanoes,  the  action  of  which  has  been  posterior 
to  the  existence  of  our  valleys. 

Although,  according  to  observations  made  in 
both  continents,  the  trachytes  and  other  analogous 
rocks,  which  seem  also  to  be  owing  to  the  action 
of  volcanic  forces,  and  in  which  compact  or  glassy 
feldspar  are  more  abundant  than  hornblende  and 
pyroxene,  are  found  principally  in  the  transition 
formation,  and  on  the  limits  of  that  formation  and 
the  most  ancient  secondary  rocks,  we  cannot  ex- 
tend this  conclusion  to  basalts,  which  are  often 
included  in  primitive  granite  (Schneekoppe  in  Si- 
lesia; Red  Rock,  near  Serassac  in  Velay),  and 
which  are  perhaps  anterior  to  some  formations  of 
trachyte.  In  a  very  circumscribed  country,  and 
in  the  same  grouping  of  volcanic  rocks,  the  gra- 
nular trachytes  or  trachytic  porphyries,  which  we 
must  not  confound  with  breccias  or  conglome- 
rates of  trachytes  much  more  modem,  are  gene- 
irally  of  a  far  more  ancient  formation  than  the 
basalts  which  cover  them  in  currents  or  in  vast 
masses.  On  the  contrary,  the  basalts  posterior  to 
trachytic  and  pumice  conglomerates  are  most  fre- 
quentiy  anterior  to  basaltic  conglomerates  and  tu- 
fiis ;  but,  we  repeat,  when  we  have  to  compare  the 
scattered  outliers  of  a  trachytic,  phonoUtic,  or  ba- 
saltic formation,  oiitiiers  not  covered,  and  placed 
on  granitic,  intermediary,  or  secondary  formations, 
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those  rocks  of  trachyte,  basalt  and  phonolite,  can 
no  longer  be  ranged  as  terms  of  the  same  geognos- 
tic  series.  What  issues  from  the  most  ancient  gra- 
nite  may  be  posterior  to  an  analogous  rock  which  has 
also  pierced  through  transition  rocks.  Oiyctognosy, 
or  descriptive  mineralogy,  which  analyses  thetex- 
ture  of  volcanic  substances,  will  succeed  in  class- 
ing them  according  to  the  principles  which  M. 
Cordier  has  so  well  established  in  his  memoir  on 
the  composition  of  pyogenic  rocks  of  eoery  age; 
but  geognosy,  which  considers  only  the  relative 
age  and  positions,  will  be  forced  to  reckon  a  great 
number  of  rocks  as  vmerttE  edis,  even  when  a 
more  considerable  part  of  the  earth  shall  have  been 
carefully  examined.  This  uncertainty  is  not  owing 
to  the  imperfection  of  the  methods  of  classing, 
but  to  the  impossibility  of  comparing,  as  to  their 
succession  or  the  epocha  of  their  origin,  the  in- 
sulated rocky  masses  that  are  not  covered.  The 
historian  of  nature,  like  the  historian  of  the  revo- 
lutions of  the  human  race,  collects,  compares,  and. 
discusses  every  fact,  but  cannot  arrange  in  a  series 
those  which  present  no  chronological  character. 
.  In  this  state  of  things,  fer  from  mixing  orycto- 
gnostic  considerations  with  the  classifications  of 
positive  geognosy,  it  appears  to  me  proper  to  range 
the  volcanic  rocks  according  to  the  type  qf  posi- 
tion most  generally  observed  in  both  hemispheres, 
where  the  greatest  number  of  those  rocks  are 
grouped.  The  great  mass  of  substances  in  which 
feldspar  predominates  (trachytes,  leucostines)  will; 
BE  3 
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be  succeeded,  as  in  the  oryctognostic  tables,  by  the 
great  mass  of  substances  in  which  pyroxene  pre* 
dominates  (basalts,  dolerites);  but  this  ^parent 
agreem^t  between  methods  founded  on  two  dif- 
ferent principles,  that  of  the  composition,  and  that 
(£  the  order  of  position,  disappears  when  we  ex- 
amine partial  or  interposed  formaticms.  The  geo- 
gnost  then  distinguishes  between  the  phonoUtes 
of  trachjtes,  and  the  phonolites  of  basalts;  he 
j^tces  ccHnpact  leucostine  in  the  pyroxenic  form- 
ation, as  he  arranges  a  frnmation  of  dolerite  (a 
mixture  of  feldspar  and  pyroxene,  in  which  the 
latter  substance  is  the  most  frequent)  amidst  leu< 
costine  or  trachyte.  I  have  sketched,  acceding  ta 
these  principles,  the  distribution  of  volcanic  rocks, 
the  table  of  which  is  placed  at  the  end  of  the  trans> 
ition  formations  (p.  Sd8.^.  This  distribution  is 
founded  on  the  truly  geognostic  observations  pub- 
lished by  MM.  Leopold  de  Buch,  Breislak,  Bou^ 
and  Beudant,  and  on  those  which  I  had  mysetf 
occa^on  to  make  in  Italy,  at  the  Peak  of  Tene- 
riffe,  and  in  the  Cordilleras  of  New  Grenada,  Quito^ 
and  Mexica  I  shall  add  to  the  nomenclature  of 
formaticHis  the  succinct  indication  of  the  m<»t 
interesting  positions  of  equinoxial  America. 

I.  Trachytic  formations,  comprehending  gra- 
nidar  trachytes  (granitoid  and8yemtic),porp^r«(!«r 
trachytes,  or  trachytic  porphyries,  partly  pyroxenic, 
partiy  cellular  with  siliceous  concretions  (trachytic 
meulieres,  or  porphyres  molaires  of  M.  Beudant) } 
semi-vitreous  trachytes,  pearlstone  with  obsidian,  and 
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phonoUte  qf  trachyte.  To  this  series  may  be  added 
the  trachytic  and  pumice  conglomerates,  with  alum- 
stone,  sulphur,  opal  and  opalised  wood ;  for  every 
volcanic  formation,  like  every  intermediary  and 
secondary  rock,  had  its  conglomerates,  that  is,  its 
fragmentary  rocks,  of  which  it  has  supplied  the 
first  elements.  Trachytes  (granites  heated  « 
situ,  of  the  ancient  mineralogists,  trap-porphyriea, 
many  of  the  petrosiliceous  lavas  of  Dolomieu, 
domites  of  MM.  de  Buch  and  Ramond,  neciOi- 
lites  of  M.  Brocchi,  granular  leucostine  of  M. 
Cordier)  generally  present  but  few  traces  of  strap 
tification  in  the  ancient  continent;  but  in  the 
Cordilleras  of  the  Andes  they  are  often  very  regu- 
larly stratified  (Chimborazo,  N.  60"  E. ;  Assuay, 
N.  15°  E.),  though  varying  by  groups  in  the  direc- 
tion and  inclination,  like  the  phonolites  of  the  ba- 
saltic formation  (Mittelgebirge  in  Bohemia).  The 
columnar  structure  (prisms  of  4  to  7  sides)  is  very 
common  in  the  porphyritic  trachytes  of  the  Cor- 
dilleras, not  only  in  the  black  rocks  witb  a  basis  of 
retinite  (pechstein)  with  glassy  feldspar  and  pyro& 
ene  (Passuchoa,  near  the  town  of  Quito,  at  the 
south  of  the  lulls  of  Foingasi ;  Faldas  de  Pichin-- 
cha;  Paramos  de  Chulucanas,  Aroma,  and  Cuntur- 
caga,  in  the  Andes  of  Peru,  between  Loxa  and 
Caxaraarca),  but  also  in  the  greenish-grey  tra- 
chytes of  Chimborazo  (slender  prisms  fifty  feet 
long;  height  of  the  table-land,  21S0  toises),  as  well 
as  in  the  granitoid  trachytes  of  Pisojd,  at  the  foot 
of  the  volcano  of  Purac^.    The  latter  are  greenish- 
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grey,  contain  black  mica,  coranaon  feldspar,  and 
a  little  hornblende,  and  by  their  resemblance  with 
the  graniti  colonnari  of  the  Euganean  Hills,  are 
fer  removed  (p.  167.)  from  the  porphyries  of  the 
transition  formation.  The  globular  structure  (in 
spheroids  with  concentric  layers)  appears  to  belong 
rather  to  the  basaltic  formations,  than  to  real  tra- 
chytes. Pale  colours  predominate  in  the  trachytes 
of  the  Cordilleras,  and  the  black  masses  of.  that 
rock  appeared  to  me  in  general  to  be  posterior  to 
the  white,  grey,  and  red  masses.  The  same  dif- 
ference  of  position  seems  to  occur  in  Hungary. 
The  black  trachytes  assume  sometimes  (Rucu- 
Pichincha  near  Quito,  principally  at  the  ridge  (rf* 
Tablahuma,  «S56  toises)  completely  the  aspect  of 
basalt ;  but  oHvine  is  always  wanting,  and  we  only 
dsserve  small  crystals  of  pyroxene  in  the  interior 
of  the  crystals  of  glassy  feldspar.  In  the  Andes, 
as  well  as  in  the  ancient  continent,  every  cone  or 
trachytic  dome  (the  former  appear  like  domes  m 
beUs,  pierced  at  their  summit,  and  covered  on 
their  flanks  by  pumice  and  ejections  of  scoris) 
presents  rocks  quite  di&rent  in  their  composltioi^ 
according  to  the  element  which  predominates  in 
the  crystalline  mass.  Black  mica  is  most  com- 
mon in  the  trachytes  of  Cotopaxi  (between  the 
Nevado  of  Quelend^Sa,  and  the  ravine  of  Suni- 
guaicu,  at  Sl6d  buses),  a  volcano  which  abounds 
at  the  same  time  in  vitreous  masses  and  obsidian } 
hornblende  predominates  in  the  trachytes  of  K- 
chincha  and  Antisana,  which  are  often  black;  and 
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pyroxene  in  the  lower  and  middle  region  of  Chim- 
borazo,  the  trachytes  of  which  sometimes  contain 
pyrites,  quartz,  and  two  varieties  of  feldspar,  the 
glassy  and  the  common.  The  ancient  volcano  of 
Yana-Urcu,  close  to  Chimborazo  ('on  the  side  of 
the  village  of  Calpi),  is  destitute  of  pyroxene,  and 
contains  large  crystals  of  hornblende.  In  the  tra- 
chytes of  Nevado  de  Toluca  (Mexico)  and  of 
Antisana,  as  in  the  trachytes  of  the  Puy-de-Dome, 
spongy  and  scorified  puts  with  glazed  cells  are 
often  observed  imbedded  in  compact  and  earthy 
masses.  The  phonolites  of  trachytes  are  better 
characterised  in  the  volcano  of  Fichincha  (Peak 
of  the  Liadrillos  and  Guagua- Fichincha),  and  also 
at  the  eastern  declivity  of  Chimborazo,  near  Yana- 
coche  (height  S300  toises).  At  Antisana  (Ma- 
chay  of  San  Simon)  and  at  the  north  of  the  Villa 
de  Ibarra  (Azufral  de  Cuesaca,  table-land  of 
Quito),  trachytes  with  a  base  of  compact  feldspar, 
mixed  with  hornblende,  contiun  native  sulphur^ 
like  the  trachyte  of  the  Puy-de-Dome,  and  the 
b»iks  of  the  Dordogne.  CRamond,  Niv.  geogtu^ 
p.  75.  86.)  We  must  not  confound  this  formation 
of  native  sulphur  with  those  of  solfataras  or  extin- 
guished craters,  cellular  mandelstein  (between 
Pate  and  Tecosauda  at  Mexico),  and  day  of  the 
basaltic  formation  (province  de  los  Pastos).  The 
thickness  of  tiiese  beds  of  trachytes  is  such,  that, 
on  the  table-land  of  Quito,  it  attains  indubitably, 
and  in  contimied^  masses,  the  thickness  of  14,000  to 
18,000  feet  (Chimborazo,  Pichincha).     Real  cui'- 
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rents  of  lithoid  lava  having  issued  from  very  few 
of  the  volcanoes  of  the  Andes,  the  trachytes  are 
there  almost  every  where  uncovered.  They  are 
only  sometimes  concealed  &om  the  examination  of 
the  geognost  by  trachytic  conglomerates  and  pro- 
blematic argillaceous  formation3(tepetate),  of  which 
we  shall  speak  shortly. 

I  found  common  and  milky  feldspar  in  the  light, 
porous,  and  white  trach3rtes  of  Cerro  de  Santa 
Folonia  (1532  trases,  near  Caxamarca,  Andes  of 
Peru),  at  the  summit  of  Cofre  de  Perote  at  Mexico 
(the  Pena  del  Nauhcampatepetl,  2098  toises),  in 
a  reddish-grey  trachyte,  abounding  in  acicular  crj^ 
tals  of  hornblende,  and  very  regularly  stratified 
(N.  28°  E.  with  30"  at  N.W.)  j  at  the  still  burning 
volcano  of  Tunguragua,  at  the  south  of  Quito 
(Cuchilla  de  Guandisava,  1638  toises),  in  brick-red 
and  cellular  trachytes ;  and  finally  at  the  base  of 
Chimborazo  near  the  small  extinguished  volcano 
of  Yana-Urcu  (I700  toises),  in  black  and  vitreous 
trachytes.  M.  de  Buch,  who  carefully  examined 
these  latter  rocks,  found  in  them  both  crystals  of 
glassy  and  of  common  feldspar,  a  phenomenon 
which  I  observed  also  in  several  transition  porphy- 
ries qf  Mexico. 

Small  acicular  crystals  of  homblende  are  some- 
times placed  as  by  files  on  several  parallel  lines, 
and  all  affect  the  same  direction  (valley  of  Cer  at 
Cantal;  whitish-grey  trachytes  of  Riobamba  viejo, 
with  rhomboidal  feldspar  decomposed  into  a  yel- 
lowish earth). 
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Mica  is  fax  more  rare  in  the  trachytes  of  Mexico 
and  the  Andes,  than  in  those  of  Siebengebirge, 
Gleichen  in  Styria,  near  Radkersburg,  and  Hun- 
gary) }  I  found,  however,  fine  black  hexagonal 
tables  at  the  base  of  the  volcano  of  Pichincha  (near 
Javirac  or  Panecillo  of  Quito,  ]  600  toises),  as  well 
as  in  the  semi-vitreous  bluish-grey  trachytes  of 
Cotopaxi,  and  in  the  red  and  porous  trachytes  of 
Nevado  de  Toluca  (summit  of  Fraile,  2372  toises). 

Titaneous  iron  is  not  wanting  in  the  trachytes 
of  Quito  and  Mexico ;  but  the  tabular  crystals  of 
specular  iron,  common  in  the  trachytes,  and  also 
in  the  lavas  of  Italy  and  France,  are  somewhat 
rare  in  the  volcanic  fissured  rocks  of  equinoxial 
America. 

In  considering  the  trachytes  of  the  CordiUenw 
under  a  general  point  of  view,  they  are  no  doubt 
characterised  by  the  absence  of  quartz  in  crystals 
and  gnuns.  This  character,  as  we  observed  above, 
extends  for  the  most  part,  even  to  the  metalliferous 
porphyries  of  equinoxi^  America  (§§  23,  and  24.% 
which  seem  to  be  connected  with  trachytes ;  but 
both  these  rocks  limiish  striking  exceptions  to  a 
law  which  mi^t  be  thought  generid.  These  ex- 
ceptions prove  anew  that  the  geognost  ought  not 
to  annex  great  importance  to  the  presence  or  ab- 
sence of  certain  substances  disseminated  in  rocks* 
The  greatest  mass  of  the  Chimborazo  is  formed  of 
a  semi-vitreous  trachyte  that  is  brownish-greea 
(with  a  base  having  a  waxy  appearance  like  pitdk- 
stcme),  destitute  of  hornblende,  abounding  in  pyrox^ 


jbyGoogIc 


:ene,  very  compact,  tabular,  or  divided  into  slender 
irregular  tetrahedral  columns.  Thia  trachyte  con- 
tains, as  an  interposed  bed,  a  purplish-red  and  cellular 
bed,  with  feld^ar  crystals  scarcely  visible,  and  hav- 
ing elongated  nodules  of  white  quartz.  At  a  greater 
height,  (SU16  toises,  where  we  saw  the  mercury  in 
the  barometer  descend  to  IS  inches,  11 -tV  lines), 
the  quartz  dis^pears,  and  the  ridge  of  the  rock 
on  which  we  trod  was  covered  with  a  Une  of  red, 
spongy,  disintegrated  masses,  somewhat  similar  to 
the  amygdaloids  of  the  valley  of  Mexico.  These 
masses,  taken  from  the  greatest  elevation  at  which 
specimens  have  yet  been  collected  on  the  surface 
of'tiie  earth,  were  ranged  in  files,  and  might  lead 
to  the  belief  of  the  existence  of  a  small  mouth  near 
the  summit  of  Chimborazo,  and  which  is  probably 
closed  like  that  of  the  Epomeo,  at  the  isle  of  Iscbia, 
and  of  Gambalo  and  Igualata,  between  Mocha 
and  Penipe  (province  of  Quito). 

On  the  central  table-land  of  Mexico,  the  tra- 
chytes of  Lira  contain  milky  quartz,  obsidian,  and 
hyalite.  M.  Beudant  has  also  lately  observed 
crystals  of  quartz  in  porphyritic  trachyte  (with 
vitro-lithoid  globules),  in  the  trachytic  meuliere, 
and  pearlstone  of  Hungary.  (Voy.enHongrie,  t.m. 
p.  346.  S65.  519-  575.)  The  same  phenomenon  is 
also  seen  in  some  trachytes  of  Auvei-gne  (Puy  Ba- 
ladoti,  Cantal,  Col  de  Caboe),  the  Dardanelle;^ 
imd  Kamtschatka.  When  we  recollect  that,  ac- 
cording to  the  analysis  of  M.  Vauquelin,  there  is 
9S  per  cent,  of  sQica  in  the  trachytes  of  Sarcouy, 
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and  that  this  earth  abounds  in  basalt  and  lava,  we 
may  rather  be  surprised  that  this  substance,  dis-- 
seminated  in  the  silicates  of  iron-  and  alumine,  has 
not  united  together  oftener  without  mixture  into 
crystals  or  grains  of  pure  quartz.  This  difficulty 
which  has  been  opposed  to  the  concentration  of 
silica  around  a  centre  characterises  a  great  part 
of  the  volcanic  rocks.    (See  above,  p.  160.) 

Pyroxene  has  hitherto  been  regarded  as  ex- 
tremely rare  in  the  trachytes  of  Europe.  The  bed 
of  pyroxene  discovered  by  M.  Weiss,  between 
Muret  and  Thiezac  (above  Aurillac  in  Auvergne; 
Buch,  ul>er  Trapp-Porphyr,  p.  135.),  seems  rather 
to  belong  to  a  basaltic  formation  superposed  to 
trachyte.  But  in  Hungary  (Beudant,  t.  iii.  p.  SI7. 
519.),  as  well  as  in  the  Cordilleras  of  the  Andes, 
pyroxene  is  often  found  in  porphyroid  trachytes, 
where  it  replaces  hornblende  (Chimborazo,  Tun-: 
guragua,  base  of  the  volcano  of  Fasto,  middle  re- 
gion of  the  volcano  of  Purace,  near  Popayari). 
The  bind  of  repulsion  which  is  observed  between 
pyroxene  and  hornblende,  is  so  much  the  more 
striking,  as  in  the  basaltic  formation  these  two 
substances  are  often  found  united  (Rhonegebirge 
in  Germany).  The  trachytes  of  Mexico  appeared 
to  me  in  general  to  be  destitute  of  pyroxene. 

Garnet,  which  we  have  already  seen  in  the  trans- 
ition porphyries  of  Potosi  and  Ezmiquilpan,  appears' 
also,  although  very  rarely,  in  the  trachytes  of  IJie 
Andes.    I  found  it  in  the  volcano  of  Yana-Urcd 
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(black  trachyte),  and  M.  Beudant  collected  it  in 
the  lithoid  pearlstone  of  Hungary. 

I  now  doubt  the  existence  of  olivine  in  the 
trachyte  formation  of  the  Cordilleras ;  what  I  had 
taken  for  that  substance  were  grains  of  pyroxene 
of  a,  light  tint.  Olivine  belongs  perhaps  exclusively 
to  the  basaltic  fbimations,  and  some  lithoid  lavas. 
M.  de  Buch  recognised  it  among  the  ejections  of 
the  volcano  of  Jorullo*  which  formed  a  fine-grained 
mixture  of  olivine,  glasf^  feldspar,  and  yellow  mica: 
there  is  no  trace  of  hornblende  and  pyroxene,  al- 
though this  volcMio  has  pierced  through  a  trachytic 
formation.  M.  Beudant  also  doubts  the  presence 
of  olivine  in  the  trachytes  of  Hungary,  even  in 
those  of  the  group  of  Vihorlet.  When  chemiBts 
shall  examine  with  more  care  the  trachytes  of  the 
Cordilleras,  which  present  so  great  a  variety  of 
rodEs,  muriatic  acid  will  probably  be  discovered 
(as  at  Sarcouy  in  Auvergne),  and  common  mica 
mixed  with  oxyde  of  titanium,  as  at  Vesuvius.  (Soret, 
Sur  les  cures  de  double  reaction,  1821,  p.  59.) 

The  observations  which  may  be  made  on  the  po- 
ntion  of  volcanic  rocks  promise  more  interest  than 
even  the  study  of  their  composition.  The  trachytes 
of  the  extinguished  volcano  of  Tolima  (§  70  seem 
to  issue  from  a  grimite  posterior  to  primitive 
gneiss.  I  saw  mica-slate  (Alto  del  Roble)  appear- 
ing (p.  108.)  below  the  trachytes  of  tJie  stUl  burning 
volcanoes  of  Popayan.  The  granites,  through  which 
the  trachytic  domes  of  Baraguan  and  Herveo(£rv^) 
have  pierced  are  perhaps  of  a  more  recent  date  than 
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mica-slate.  The  most  important  observation  of  po- 
sition which  I  made  in  the  immense  and  entirely 
trachytic  table-land  of  Quito  (species  of  polystome 
volcano)  relates  to  the  trachytes  of  Tunguragua. 
After  having  sought  in  vain,  during  more  than  six 
months,  some  trace  of  rocks  commonly  supposed  of 
neptunian  origin,  I  found,  near  the  bridge  of  ropes 
of  Penipe  (Rio  Pnela,  1240  toises),  below  a  black 
semi-vitreous  trachyte,  often  columnar,  at  the  still 
burning  cone  of  Tunguragua,  a  greenish  mica-slate, 
with  a  striated  and  silky  sur&ce,  containing  gar- 
nets, and  resembling  the  mica-slate  of  the  primitive 
formation.  (See  above,  p.  93.)  This  rock  reposes 
on  syenitic  granite  composed  of  a  great  quantity  of 
greenish  lamellar  feldspar  in  large  grains,  a  little 
white  quartz,  hexagonal  tables  of  black  mica  and 
some  thin  crystals  of  hornblende.  The  fracture  of 
this  granite  has  a  steatitic  aspect,  and,  when  breathed 
upon,  takes  a  tint  of  asparagus-green.  These  sye- 
nites and  mica-slates  with  gametsi  remind  us  of 
those  which  MM.  de  Buch  and  Escolar  discovert 
in  the  archipelago  of  the  Canaries,  in  blocks  amidst 
the  trachytic  formations  of  Fortaventura  and  Palma. 
(Humboldt,  Ret.  Hist.,  t.  i.  p.  640.)  It  is  very 
certain,  diat  the  rocks  of  Penipe,  which  perhaps 
belong  only  to  the  transition  formation,  are  in  situ  ; 
that  they  appear  beneath  a  real  granular  trachyte, 
and  not  beneath  a  breccia  or  trachytic  conglo- 
merate, as  at  Vic,  Aurillac,  and  S.  Sigismond 
(Buch,  Tra^p-Porphyr,  p.  141.);  but  it  is  impos- 
sible to  decide  on  the  superposition  without  piercing 
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a  galleiy  in  the  flank  of  Tunguragua,  whether  the 
trachyte  covers  mica-slate  on  a  great  extent,  as  the 
chalk  covers  the  Jura  limestone,  or  if  the  trachyte 
in  breaking  through  more  ancient  rocks  and  rising 
perpendicularly,  is  simply  inclined  towards  the 
border  on  the  adjacent  mica-slate.  We  also  find 
around  the  trachytic  cone  of  Cayambe,  mica-slate 
with  epidote,  and  a  granite  that  abounds  in  brown 
and  yellow  mica.  Farther  north,  in  the  Cordilleras 
of  Popayan,  ascending  to  the  village  of  Purac^,  I 
saw  beneath  a  ^eat  volcano  of  that  namei  near 
Santa-Barbara, .  semi-vitreous  trachyte  leaning  on 
porphyritic  syenite  (with  common  feldspar) ;  this 
syenite  is  visibly  superposed  on  a  transition  granite 
abounding  in  mica  (p.  I78.).  At  the  foot  of  the 
still  active  Mexican  volcanoes  of  Popocatepetl  and 
JoruUo,  M.  Bonpland  and  myself  were  not  fortunate 
enough  to  discover  rocks  of  granite,  mica-slate,  »id 
syenite  on  the  £pot ;  but  we  saw  imbedded  amidst 
the  lithoid,  black,  and  basaltic  lavas  of  Jorullo, 
white  angular  or  greenish-white  fragments  of  sye^ 
nite,  composed  of  a  little  hornblende,  and  a  great 
deal  of  lamellar  feldspar.  Where  these  masses  have 
been  split  by  the  heat,  the  feldspar  has  become 
filamentous,  so  that  the  edges  of  the  fissures  are 
in  some  places  joined  by  the  lengthened  fibres  of 
the  mass.  In  South  America,  between  Almaguer 
and  Popayan,  at  the  foot  of  Cerro  Broncaso,  I 
found  real  fragments  of  compact  gneiss  in  a  trachyte 
{^bounding  in  pyroxene  (p.  lyi.)-  These  pheno' 
mena,  to  which  I  might  add  many  others,  prove 


JbyGOOgIC 


that  trachytic  formations  have  issued  from  below 
the  granitic  crust  of  the  globe. 

The  obsidian,  of  which  M.  Sonneschmidt  and 
nij'self  brought  such  curious  varieties  into  Europe, 
appeared  to  me  to  belong,  in  the  Cordilleras,  to  two 
very  distinct  sections  of  trachytic  formation,  to  real 
white  (Cerro  de  las  Novajas  or  Oyamel,  at  the 
north-east  of  Mexico),  to  black  trachytes  (Cerro 
del  Quiuche,  north  of  Quito),  and  to  pearlstone 
(Cinapecuaro,  between  Mexico  and  Valladolid). 
We  must  distinguish  in  those-  two  formations,  the 
obsidian  from  the  currents  of  modem  lava  (Peak 
of  Teneriffe)  forming  the  upper  part  of  those  cur- 
rents.  The  fragments  of  rock  ejected  by  the  crater 
of  Cotopaxi,  and  filled  with  nodules  of  obsidian, 
appear  to  have  been  torn  from  the  sides  of  the 
crater ;  but  the  pieces  of  obsidian  thrown  out  by 
the  volcano  of  Sotara  near  Popayan,  to  the  distance 
of  several  leagues,  deserve  more  attention  }  they 
cover  the  fields  of  Los  Serillos,  Uvales  and  Palacd. 
They  are  found  scattered  like  fragments  of  flints ; 
they  lie  on  basaltic  rocks,  to  which,  however,  they 
are  altogether  foreign.  These  obsidians  of  Po- 
payan have  often  the  form  of  tears,  or  of  balls  with 
8  rough  surfece  j  they  exhibit,  which  I  have  not 
seen  any  where  else,  every  shade  of  colour,  from 
a  deep  black  to  that  of  colourless  glass.  They 
are  sometimes  mixed  with  fragments  of  enamel, 
thrown  out  also  by  the  volcano  of  Sotara,  and 
which  one  might  be  inclined  to  take  for  Reau- 
mur's porcelain.     The  paste  of  the  semi- vitreous 
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bluish-grey  trachyte,  wiUi  a  coachoidal  fracture 
(volcano  of  Purac6,  near  Popayan,  in  the  plain  of 
Casci^  at  3374  toises  high),  sometimet,  no  doubt, 
passes  into  obsidian ;  but  the  great  masses  of  real 
obsidian,  disposed  by  beds  or  by  nodules,  with 
outlines  strongly  matted,  are  found  in  other  va- 
rieties of  trat^ytes.  We  have  already  described 
above,  the  rocks  of  Cerro  de  las  Navajas  (S^3.), 
where  obsidians  are  found  that  are  chatoyant,  stri- 
ated,and  silvery  (jolateadas),  and  generally  scab- 
tered  in  fragmenis,  but  someitimea,  also,  forming 
bedsinawhitetfAchyte-  SimUar  beds,  fi'ora  £bu7tew 
to  sixteen  inches  of  thickoesB,  are  interposed  in  ihe 
black  pyroxenic  tracjbytes  of  Cerro  del  Quinch^ 
(table-land  of  Quito).  They  afford  greenish-black 
obsidians,  veined  with  bands  of  brick-colour.  Near 
Hacienda  de  Liroi  at  the  north  of  Queretaro 
(table-land  of  Mexii:9,  ,995  tojsea),  I  found  in  m 
©live-green  trachyte,  with  a  base  of  retinite  ^tra- 
chytes which  coDtun  both  glassy  feldspar  and 
grains  of  disseminated  quartz),  beds  of  black  ob^ 
dian  three  inches  thjjsk,  Iq  other  parts  of  the 
t^le-land  of  New-%!afn,  at  Cinapecuaro,  at  the 
foot  of  Cerro  Ucareo  (in  the  way  from  Valla- 
dolid  de  Mechoacan  tQ  Toluca,  968  toises  high), 
and  between  Ojo  de]  agua  and  El  Pinal  (in  the 
road  from  la  Puebla  4e  los  Angeles  to  Perote, 
1180  teises  high),  obsidians  are  found  as  nodules 
in  a  pearlstone,  with  a  lustre  like  enamel,  composed 
of  small  globules  that  are  semi-vitreous  and  grey- 
ish-white.    I    saw   no  mica,   but   in^ltratitms  of 
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hyalite,  and  some  small  crystals  of  feldapar  that 
are  filamentous  and  almost  of  the  strucbire  of 
pumiee.  Pearlstone  forms,  at  Cinapecuaro,  little 
conical  hills  surrounded  with  peaks  of  basalt  and 
traehytic  domes.  The  roclt  is  very  regularly  stra- 
tifled  (N.  38'*E.,  incl.  80°  at  north-west),  and  might 
be  taken  at  a  distance  for  a  schistose  sandstone. 
Btack,  darkish-green,  and  greyish-green  ob^dian 
occurs  in  nodules,  from  two,  ip  %e  itaches  thick  ; 
sot  that  by  the  juxta-positi'on  of  those  nodules,  liie 
peorUtmie  appears  sometimes  to  be  imbedded  in  a 
real  obsidian  rock.  In  the  eastern  plains  of  Mex- 
icc^  between  Acaxete  Ojo  del  agua  and.  El- Pinal, 
obsidiian  is  less  abundant,  but  oflen^  stripecE  Eke 
ja^ect  Pearlstone  contains  a  ^eat  quMitity  of 
hexagonal  tables  of  black  mica  y^  it  is  often  fibrous, 
and  passes  to  what  M.  Beudant  calls  (t  iii.  p.  S64. 
S89.)  perUte  ponceuse.. 

The  obudians  of  Mexico  and  the  Andes  ei 
Quito  exhibit,  in  general,  and  often  on  a  ^eater 
9cai)e,  tiie  samje  phenojnrtfona  4^  (;oinpg^tipn,  v^ch 
i&  observed  ki  those  of  Lip^i  and  Volcano  ;  and 
which  some  geogaosts  ^rmerly  attributed  to  a  <fe- 
vUryication  {glastinisation).  "^e  tbere  fnd  im- 
heddiet^  smallcrystais  of  glassy  feldsparj^olyhedral 
masses  of  pearlstone  fijiiiig  up  entirely  ^e  oavity 
in  wU^  they  are  su|^osed  to  be  fonned  ;  aggre> 
'gations  of  dark  grainy  of  an  earthy  aspect,  and 
arranged  in  parallel  zcm^s,  not  continuous )  flnnlly, 
fragmenU  knT  redi^h-b^own  trachyte,  half  m^ted» 
all  placed  on  the  sam«  side,  9t  the  extremity  of 
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Cavities  that  are  very  much  elongated,  and  parallel 
to  each  other.  M.  de  Buch,  who  has  particularly 
esamined  the  volcanic  substances  which  I  col- 
lected in  the  equinoxial  region  of  the  New  World, 
observes,  that  masses  of  pearlstone,  sometimes  sphe- 
roidal, sometimes  octagonal  in  their  section,  have 
constantly  at  their  centre  a  very  small  crj'stal  of 
glassy  feldspar,  or  hornblende,  and  that  the  posi- 
tion of  that  crystal  has  determined  tiie  form  of  the 
whole  system.  (Buch,  in  the  Schrifien  Naturf. 
Freunde,  1809,  p.  301. ;  Humboldt,  Rel  Hist.,  t.  i. 
p. 161.)  M.  Beudant  found  red  garnets  in  the  reti- 
pitic  pearlstones  of  Hungary  (Vissegrad),  which 
resemble  the  pitchstone-porphyry  of  the  transition 
formation ;  I  also  saw  red  garnets  at  the  summit 
of  the  volcano  of  Purac^,  in  a  bluish,  semi-vitreous 
trachyte,  with  a  conchoidal  fracture,  destitute  of 
mica  and  hornblende,  but  containing,  besides  py- 
Foxene  and  glassy  feldspar,  ash-coloured  points, 
simile  to  those  that  are  remarked  in  the  obsidians 
of  Lipari,  and  of  Cerro  de  las  Navajas.  The  pre- 
sence of  garnets  in  rocks  generally  mixed  with 
hornblende,  derives  some  importance  from  the 
ingenious  observations  of  M.Berzelius  (Nouv.  Sys- 
time  de  Mineralogie,  p.  301.)  on  the  chemical  affi- 
nities of  garnet  and  hornblende,  contairung  silicates 
of  alunjine  and  ojtidulated  Iron.  M.  CoHet-Des- 
cotils  found  in  the  obsidians  which  I  brought  from 
^ew  Spain,  the  first  example  of  the  simultaneous 
presence  of  two  alkalies  in  the  same  mineral  sub- 
stance.   This  phenomenon  has  since  been  observed 
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in  some  varieties  of  feldspar,  wernerite,  sodalite, 
chabasie,  and  eleolite  (pierre  grasse  of  Haiiy).  I 
observed  that  many  black  and  red  obsidians  of 
Quinche  and  Cerro  de  las  Navajas,  have  magnetic 
poles,  like  the  porphyries'  (of  transition  ?  p.  I76.) 
of  Voisaco,  and  like  a  fine  group  of  columnar  tra- 
chytes of  Chimborazo  (2100  toises  high).  These 
trachytes  were  greenish-grey,  and  contained  some 
crystals  of  lamellar  and  milky  feldspar. 

The  last  division  of  the  trachytic  formation  is 
formed  by  conglomerates,  or  agglutinated  remains, 
re-formed  by  the  waters.  These  conglomerates 
cover  immense  surfaces,  not  at  the  foot  of  the  Cor- 
dilleras, but  on  their  flanks,  and  on  table-lands 
from  1200  to  1600  toises  hi^.  In  a  region  where 
almost  all  the  burning  volcanoes  rise  above  the 
limit  of  perpetual  snow,  and  where  the  waters 
slowly  filtered  in  caverns,  and  the  snows  which' 
dissolve  at  the  moment  of  the  eruption,  cause  dread- 
ful ravages,  the  extent  and  thickness  of  alluvial  form- 
ations, and  regenerated  fragmentary  rocks,  must 
necessarily  be  in  proportion  to  the  forces  which 
still  move  those  disaggregated  masses  in  modem 
times.  The  conglomerates  are  sometimes  friable 
like  tufia  (base  of  Cotopaxi  and  the  1' Altar), 
sometimes  compact  and  hardened  like  sandstone 
(base  of  Picbincha).  The  pumice  in  pulverulent 
masses,  and  in  blocks  from  twenty-five  to  thirty 
feet  long,  forms  the  most  interesting  part  of  these 
conglomerates  of  trachytic  formation.  We  shall 
observe  on  this  occasion,  that  the  word  pumice  is 
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very  vague  in  mineralogy ;  it  does  not  designate 
a  simple  mineral  like  the  denominations  of  calce- 
dony  or  pyroxene;  it  rather  denotes  a  certain 
state,  a  capillary  or  fibrous  form,  under  which  the 
various  substances  ejected  by  volcanoes  appear. 
The  nature  of  those  substances  is  as  different  as  the 
thickness,  the  tenacity,  the  flexibility,  and  the 
parallelism,  or  the  direction  of  their  fibres.  (Hum- 
boldt, Relai.  Hist^  t-i  p.  162.)  There  is  a  black 
pumice  of  a  spongy  texture,  with  interwoven 
fibres,  where  we  see  a  greai  deal  of  pyroxene,  and 
which  seem  to  owe  their  origin  to  basaltic  scorified 
lavtLs  (plain  that  surrounds  the  crater  of  Rucu- 
Fichincha  (  tufia  of  Pausilippe  near  Naples}.  Some 
volcanoes  eject  white  trachytes,  composed  of  com- 
pact feldspar,  much  hornblende,  and  very  little 
mica,  of  which  a  part  is  ^brous.{Rucu-Pk;hincha 
Mid  Cotopaxi,  on  the  tsfcle-land  of  Quito  j  volcano 
of  Cumbal  near  Chilanquer,  in  the  table-land  erf 
Los  Pastos  I  Sotara  near  Popayan ;  Fopocatqjetl  at 
the  east  of  Mexico^.  In  trachytes  somewhat  com- 
pact^ and  of  a  texture  not  fibrous,  the  rhomboidal 
^agmenbs  of  feldspar  often  become  hc^ow  and 
fibrous  (table-land  of  Quito  and  Mexico).  Some 
varieties  of  pearlstone  present  a  fibrous  texture 
(plain  of  New  Spain,  between  la  Ventu  del<^  del 
aguaandla  Ventu  de  Soto  4  valley  of  Cfran  and 
GlashUtte  in  Hungary) ;  finally,  obsidians  of  a 
greenish-black  or  smoke-grey,  alternating  with  beds 
of  pumice,  with  asbestoid  greenish-white  fibres, 
rarely  parallel  with  each  otherj  sometimes,  however. 
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perpendicular  to  the  strata  (^  obstdian,  and  similar 
to  a  filamentous  froth  of  ^asB  (Hain  of  G«neto  at 
the  Peak  of  Teneriffe).  These  latter  varietieB  led 
some  geologists  to  think  that  ell  puiniee  was  de- 
rived from  the  fiiMcwi  and  bubbling  up  of  vitreous 
lava  J  they  confounded  the  pumtfe-obwdians  (ascle- 
rines  of  M.  Cordier)  with  the  trae  pumioe  with 
pu-aliel  fibres  (li^t  pumice  of  M.  Cordier),  dia- 
ractensed  by  large  hexagonal  plates  of  mica,  and 
■probably  owing  to  a  particulax  mode  of  action 
which  the  fire  of  volcanoes  exerts  on  white  trachytes 
(granites  of  the  Ides  Ponces,  of  Dolonrieu).  A 
gec^nost  who  has  studied  profoundly  the  trachytic 
rocks  of  Europe  has  confirmed  this  view.  '*  Pumice," 
says  M.  Beudant,  *'in  the  present  state  of  the 
science,  cannot  even  be  regarded  as  a  distwct 
species  of  rock;  it  is  a  cellular  and  ffiamentous 
state  which  several  rocks  of  trachytic  and  volcanic 
formation  are  capable  of  assuming.**  {Voy(tg« 
iMinera^,  tiii.  p.389.) 

The  imra^ise  subterraneous  quarries  of  pumice 
wOTked  at  the  foot  of  Cotopazi,  between  the  town 
of  Tacunga  (Llactacunga)  and  the  Inifiaa  Tillage 
of  6^  Felipe  (table-land  of  Quito,  148*  toises 
lugb),  speared  to  me  the  most  instructive  for  de- 
ciding on  the  position  of  that  substance  in  an 
alluvial  soil.  They  had  already  given  rise  in  ^ 
mind  of  Bouguer  {Figure  de  la  Terre,  p.  Ixviii),  at  a 
time  when  geognosy  scarcely  existed,  to  several 
interesting  questions  on  the  origin  of  pumice.  The 
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little  hills  of  Guapulo  and  Zurabalica,  which  rise  to 
the  height  of  80  toises,  appear  at  first  sight  entirely 
fbnned  of  a  white  fibrous  rock,  with  horizontal 
beds  and  perpendicular  fibres ;  from  which  blocks 
without  rents  might  be  taken,  more  that  sixty  feet 
long.  In  examining  more  closely  these  pretended 
beds,  they  are  perceived  to  be  masses  from  four 
inches  to  threefeet  thick,  imbedded  in  a  white  clayey 
earth.  They  do  not  form  a  conglomerate,  properly 
speaking  j  the  blocks  are  only  deposited  in  clay, 
and  covered  with  small  fragments  of  pumice  (from 
eight  to  nine  inches  thick),  wliich  are  divided  into 
horizontal  beds.  These  blocks  of  white  pumice, 
which  are  sometimes  bluish,  are  rounded  towards 
the  edges ;  they  contain  yellow  and  black  mica, 
slender  crystals  of  hornblende  (not  pyroxene),  and 
a  httle  glassy  feldspar.  I  am  indined  to  think 
that  the  hills  of  Zumbahca,  which  much  resemble 
those  of  Sirok  in  Hungary  (Beudanl,  Voy.  Miner., 
t  ii.  p.  2Sf.),  are  not  the  interior  walls  of  an  over- 
thrown volcano  J  the  great  blocks  which  resemble 
fractured  beds  are  geognostically  connected  with 
the  small  fragments  of  the  upper  strata ;  both  have, 
no  doubt,  been  deposited  by  water,  although  under 
circumstances  very  different  from  those  which  ac 
company  the  actual  eruptions  of  Cotopaii.  The 
aspect  of  the  whole  surrounding  country  proves 
the  ancient  sphere  of  activity  of  this  volcano,  which 
is  2952  toises  high,  and  of  an  enormous  volume. 
At  the  west  of  the  volcano,  from  1' Alto  de  Chisinche 
as   far  as  Tacunga,   for  more  than  forty  square 
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leagues,  the  whole  soil  is  covered  with  pumice  and 
scoriBed  trachytes. 

It  is  very  remarkable,  that  the  mode  of  volcanic 
action  proper  for  the  production  of  pumice  is  re- 

-  stricted  in  some  degree  to  a  certain  number  of 
ignivome  mountains.  L' Altar  or  Capac-Urcu,  an- 
ciently more  lofty  than  the  Chimborazo,  is  placed 
in  the  plain  of  Tapia,  opposite  to  the  still  burning 
volcano  of  Tunguragua.  The  former  has  ejected 
an  immense  quantity  of  pumice,  the  latter  produces 
none.      The  same  difference  exists  between  the 

■  two  neighbouring  volcanoes  of  the  town  of  Popayan, 
Purac^  and  Sotara ;  which  latter  has  ejected  at 
the  same  time  obsidian  and  pumice,  like  the  vol- 
cano of  Cotopaxi.  At  Rucu-Pichincha,  where  I 
reached  one  of  the  trachytic  towers  (2491  toises 
high)  which  commands  the  crater  of  the  volcano, 
I  found  a  great  quantity  of  pumice,  and  no  obsi- 
dian ;  the  pumice,  therefore,  of  Sotara  and  Coto- 
paxi, which  contains,  besides  glassy  feldspar  a  little 
amphibole,  and  large  hexagonal  plates  of  mica,  is 
certainly  not  owing  to  obsidian;  it  differs  en- 
tirely from  the  vitreous  and  capillary  pumice 
which  I  saw  covering  the  dechvity  of  the  Peak  of 
Teneriffe. 

The  fine  opals  of  Zimapan,  at  Mexico,  do  not  ap- 
pear to  belong,  like  those  of  Hungary,  to  trachytic 
conglomerates,  but  to  porphyritic  trachytes  which 
contain  radiating  globules  of  bluish-grey  pearlstone. 
(§23.) 
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II.  Basaltic  fobmations,  comprehending  ^o^jt 
with  olivine,  pyroxene,  and  a  little  hornWende ; 
phonoUte  of  basalt,  doierite,  ceUular  amygdaloid, 
clay  with  j^rope-gamets,  and  Jragmentary  JMuaUic 
rocks  (conglomerates  and  scoria).  The  basaltic 
formation  is  connected  on  one  side  with  trachytes, 
in  which  pyroxene  becomes  progressively  more 
abundant  than  feldspar  (Cordier,  sur  les  Masses  des 
Roches  Vokaniques,  p.  95.),  and  partly,  Mid  I  believe 
in  a  closer  manner,  to  the  lavas  (^volcanoes  which 
have  flowed  in  the  form  of  currents.  Phontdites 
belong  both  to  trachytic  and  basaltic  formations ;  I 
doubt  if  a  real  basalt  with  olivine  is  found  inter- 
posed as  a  subordinate  bed  to  trachyte.  The  pho- 
noUte which  fonns  tliese  beds  in  the  trachytes  of 
the  Cordilleras  and  of  Auvergne,  is  only  super- 
posed to  basalt  When  it  does  not  rise  in  insulated 
peaks  in  the  plains,  it  generally  crowns  the  basaltic 
hills.  Hornblende  and  pyroxene  are  found  dis- 
seminated in  trachytes  and  basalts ;  the  fOTmer  of 
tho»e  substances  belongs  perhaps  even  more  par- 
ticularly to  the  trachytic  formations.  Olivine  cha- 
racterises biisaltic  rocks,  the  very  ancient  lavas  of 
Europe,  and  the  very  modern  lavas  (in  1739)  of 
thd  volcano  of  Jonillo,  at  Mexico. 

When  we  consider  the  group  of  trachytic  and 
basaltic  rocks  only  in  relation  to  their  size,  we  c^ 
serve  that  the  great  masses  of  those  groups  are 
found  very  remote  from  each  other.  The  countries 
that  abound  most  in  basalts  (Bohemia  and  Hesse) 
have  no  trachytes,  and  the  Cordilleras  of  tlie  Andes, 
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which  are  trachytic  for  an  immense  extent,  are 
often  entirely  destitute  of  basalts.  Neither  Chim- 
borazo,  norCotopaxi,  Antisana,  nor  Pichincha,  fur- 
nish any  real  basaltic  rocks ;  while  those  rocks 
characterised  by  olivine,  divided  into  tine  columns 
three  feet  thick,  are  found  on  the  same  table-land 
of  Quito,  but  &v  from  those  volcanoes  at  the  east 
of  Gualiabamba,  in  the  valley  of  Rio  Pisque.  The 
basalts  near  Popayan  do  not  cover  the  trachytic 
domes  of  Sotara  and  Purac^ ;  they  are  found  in- 
sulated on  the  western  bank  of  Cauca,  in  the  plains 
of  Julumito.  The  great  basaltic  formation  of  the 
Valle  de  Santiago  in  Mexico  (between  Valladolid 
and  Guanaxuato),  is  very  distant  from  the  trachytic 
volcanoes  of  Popocatepetl  and  Orizava.  All  the 
basalts  we  have  just  named  (Guallabamba,  Julu- 
mito and  Santiago)  probably  repose  also  at  great 
depths  on  trachytic  rocks  j  but  we  shall  not  con- 
sider here  particularly  the  separation  of  moitrUains 
of  basalt  and  of  trachytes.  • 

In  the  Cordilleras  of  Mexico,  New  Grenada, 
Quito  and  Peru,  the  mass  of  trachytic  formations 
is  in  general  far  more  conuderable  than  that  of 
the  basaltic  formations ;  the  latter  may  even  be 
considered  as  very  rare,  when  compared  with  those 
which  traverse  Germany  irom  east  to  west^  between 
the  parallels  of  50°  and  51".  The  same  prepon- 
derance of  trachytic  formations  over  basaltic  rocks, 
is  observed  in  Hungary.  "  Wherever,"  says  M. 
Beudant,  with  great  justice,  "  masses  of  trachyte 
are  developed   on   a  great   scale,   we  find  only 
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inconsiderable  fragments  of  basalt,  and  recipro- 
cally, in  the  places  where  the  basaltic  formation 
is  much  developed,  there  occurs  little  or  no  tra- 
chyte. {Voyage  Miner,  en  Hongrie,  t.  iii.  p.  500. 
587 — dS9-)  It  would  seem  as  if  those  two  form- 
ations repelled  each  other,  and  as  the  craters  of 
existing  volcanoes  are  constantly  open  in  trachytes, 
we  must  not  be  surprised  if  those  volcanoes  and 
their  lavas  remain  so  fer  removed  from  the  ancient 
basalts.  (Humboldt,  Rel.  Histor.,  t.  i.  p.  154.) 

Notwithstanding  this  opposition,  or  rather  this 
inequahty  of  developement,  which  we  have  already 
remarked  in  granite  and  mica-slate-gneiss,  in  lime- 
stone and  transition  slate,  in  red  sandstone  and 
zechstein  or  alpine  limestone,  trachytes  and  basalts 
display  in  some  parts  of  the  globe  the  closest  geo- 
gnostic  affinities.  If  Uie  great  basaltic  masses 
(Hesse,  Forez,  Velay  and  Vivarais ;  Scotland ; 
Vezprim  and  the  lake  Balaton)  remain  geogra- 
phically removed  from  the  great  masses  of  tra- 
chytes (Siebengebirge ;  Auvergne;  Mountains  of 
Matra,  Vihorlet,  and  Tokay;  western  Cordillera  of 
the  Andes  of  Quito),  outlines  of  the  basaltic  form- 
ation are  not  the  less,  on  that  account,  superposed 
to  those  very  trachytes.  (Buch,  Briefe  aus  Au- 
vergne, p.289. ;  Id.,  Trapp-Porphyr,  p.  137 — 14-1. f 
Ramond,  N^.  Geologigue,  p.  18.  60—73.)  The 
Eu'ganean  Hilla  (basalts  of  Monte  Venda,  near 
the  trachytic  cones  of  Monte  Pradio,  Mont  Ortone 
and  Monte  Rosso),  the  slopes  of  the  mountains 
which  constitute  the  group  of  Mont  0ore,  the 
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vicinity  of  Guchilaque  in  Mexico  (Cerro  del 
Marqu^8,  1537  toises),  and  of  Xalapa  (Cerro  de 
Macultepec,  788  toises),  furnish  striking  examples 
of  the  union  of  feldspathic  and  pyroxenic  form- 
ations. Sometimes  they  are  conical  hills  of  pris< 
matic  basalt,  that  issue  from  a  trachytic  formation ; 
sometimes  they  are  large  currents  of  basalt,  often 
interrupted  and  forming  steps,  which  furrow  and 
spread  over  the  formation. 

It  results  from  these  observations,  thatthe  greatest 
masses  of  basalt  are  placed  immediately  in  prim- 
itive, intermediary,  andsecondaryformations;  while 
other  masses,  much  less  considerable,  and  of  a  tex- 
ture altogether  identical,  and  exhibiting  most  fre- 
quently the  appearance  of  ancient  currents  of  lithoid 
lavas,  are  superposed  on  trachytic  rocks.  Both  of 
these  sometimes  envelope  fragments  of  granite* 
gneiss,  or  syenite  abounding  in  feldspar.  The  same 
phenomenon,  as  we  have  seen  above,  is  observed 
(volcano  of  Jorullo)  in  recent  lavas  of  a  known 
epocha ;  but  those  incontestable  indications  of  an 
igneous  fluidity  do  not  warrant  us  in  admitting  that 
the  conical  mountains  of  basalt  dispersed  in  the 
plains,  or  crowding  the  ridge  of  primitive  moun- 
tains, are  all  formed  like  the  masses  of  basalt 
that  cover  trachytes,  or  like  tlie  lithoid  basaltic  - 
lavas  (with  olivine)  of  some  very  modem  volcanoes.  ■ 
The  mixture  of  substances  that  constitute  the  vol- 
canic rocks  is  found  in  the  interior  of  the  globe, 
and  probably  at  immense  depths.  Substancea 
analogous  and   composed  of  the  same   elements 
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may  appear  (at  the  sur&ce  of  the  globe)  by  very 
different  meana ;  sometimes  by  heaving  up  (in  domes 
or  conical  elevations)  ;  sometimes  by  longitudinal 
.  fissures  formed  in  the  crust  of  the  globe ;  some- 
times by  circular  openings  at  the  summit  of  the 
mountain.  The  geognosy  of  volcanoes  distinguishes 
all  these  modes  of  formation,  and  if  it  does  not 
admit  all  the  rocks  of  trachytic  and  basaltic  form- 
ation under  the  name  of  lavas,  It  is  because  it 
does  not  admit  that  the  domes  of  Puy  de  Ciiersou, 
the  great  Sarcouy,  and  the  Chimhorazo,  as  well 
as  the  conical  mountains  of  basalt,  are  portions  of 
currents  of  lava.  Some  volcanoes,  partly  very 
modem,  have  thrown  out  feldspathic  and  pyroxenic 
lavas  (Ischia,  Solfatare  de  Pouzzole)  with  olivine 
(Jorullo),  which  have  the  greatest  resemblance  to 
the  most  ancient  trachytes  and  basalts.  Very 
often  volcanic  masses,  when  considered  mineralo- 
gically  (feldspathic  and  pyroxenic  lavas,  trachytes, 
basalts  in  insulated  cones),  are  the  same  ;  it  may 
be  supposed  that  the  circumstances  in  which  they 
were  produced  in  the  interior  of  the  globe  difiered 
very  little }  but  what  removes  them  geognostically 
from  each  other,  is  ti^e  marked  difference  in  the 
mode  of  their  appearance  at  the  surftce  of  the 
earth. 

Among  the  ^eat  number  of  curious  observationB 
which  the  vicinity  of  the  new  volcano  of  Jorullo 
in  Mexico  affords,  none  appeared  to  me  more 
bnp<»tant  and  more  unexpected  than  those  whidi 
relate  to  the    double  origin  of  basaltic   masses. 
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We  there  see  at  the  same  time  small  cones  of  basalt, 
composed  of  balls  with  concentric  layers,  and  a 
promontory  of  basaltic  lava,  Uthoid  and  compact 
within,  and  cellular  on  the  surface,  This  current 
of  lava  is  a.  black  mass  with  very  small  grains,  not 
containing  homhlende  or  pyroxene,  but  ceilainly 
olivine  (p^ridote  granuliifbrme,  Haiiy)  and  small 
crystals  of  glassy  feldspar.  M.  de  Buch  found  in 
the  fragments  which  I  brought  home,  besides  dis- 
seminated olivine  (light  olive-green,  conchoidal, 
and  in  separate  granular  pieces),  some  hexagonal 
plates  of  yellow  mica.  In  those  lavas  the  angular 
and  fissured  fragments  of  granitic  syenite,  which 
I  have  several  times  mentioned,  are  imbedded; 
they  probably  derive  their  origin  from  a  transition 
formation  placed  beneath  trachyte.  Very  small 
pieces  of  greyish  trachyte,  with  glassy  feldspar  and 
slender  crystids  of  hornblende,  which  we  were  so 
fcMtunate  as  to  find  on  the  brink  of  the  crater,  in 
the  midst  of  scoriEe,  prove  that  the  eruption  has 
acted  at  the  same  time  across  the  syenite  and  the 
superposed  trachyte.  The  lavas  are  even  678  feet 
in  thickness,  and  as  they  are  not  spread  laterally, 
but  come  from  the  crater  of  the  burning  volcano^ 
it  was  in  following  their  course  towards  the  S.S.E, 
that  M.  Bonpland  and  myself  penetrated,  not 
without  some  danger,  into  the  interior  of  the  crater 
to  collect  air.  We  must  not  confound  with  this 
current  of  basaltic  hthoid  lava,  which  is  not  a  heap 
of  scoria  as  at  Monte  Nova  near  Pouzzole,  the 
basalts  in  balls  (Kugelbasalt)  which  compose  the 
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small  cones  called  ovens  (iioniitos)  by  the  natives, 
on  account  of  their  form,  and  because  they  disen- 
gage from  fissures  thin  streams  of  aqueous  vapours 
mixed  with  sulphureous  acid.  No  doubt  can  remain, 
even  with  an  observer  little  accustomed  to  theaspect 
of  rocks  disturbed  by  the  fire  of  volcanoes,  that  the 
whole  soil  of  Mal-pms,  which  is  at  least  1,800,000 
square  toises,  has  been  thrown  up.  Where  this 
ejected  matter  is  contiguous  to  the  plain  of  the 
Playas  ofJoruUo,  which  has  undergone  no  change, 
and  of  which  formerly  it  made  a  part,  there  is  (at 
the  east  of  San  Isidoro)  an  abrupt  descent  from  a 
perpendicular  height  of  twenty -five  to  thirty  feet 
The  darkish  and  argillaceous  beds  of  Maf-pais 
appear  as  if  fractured,  and  display,  in  a  curved  direc- 
ted from  N.  E.  to  S.  W.,  the  fissures  of  stratification 
horizontal  and  undulated.  After  having  passed 
this  stage,  you  ascend  on  a  sur&ce  swelled  in  the 
form  of  a  bladder,  towards  the  crevice  from  which 
the  great  volcanoes  issued,  and  of  which  one  alon^ 
that  of  the  middle  (El  Vokan  Grande  de  Jonillo)» 
is  still  burning.  The  convexity  of  this  formation  is 
in  some  places  78,  in  others  90  toises ;  that  is,  the 
foot  of  the  Great  Volcano,  or  rather  the  central 
portion  of  the  plain  of  Mal-pais  whence  the  Great 
Volcano  rises  abruptly  (near  the  ancient  Hacienda 
of  San  Pedro  de  JoruUo),  is  nearly  510  feet  more 
elevated  than  the  bank  of  Mal-pais  near  the  first  stage. 
The  whole  declivity  of  this  convex  surface  is  so 
gentle,  that  it  may  escape  the  attention  of  those 
who  are  not  provided  with  instruments  proper  for 
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its  measurement  It  is,  as  the  natives  well  say,  a 
hollow  soil,  a  tierra  kucea.  This  opinion  is  con- 
finned  by  the  sound  of  the  horses'  feet  when  they 
they  pass  over  it,  by  the  frequency  of  fissures,  by 
partial  sinkings,  and  by  the  engulfed  rivers  of 
Cuitimba  and  San  Pedro,  which  are  lost  at  tbe 
east  of  the  volcano,  and  reappear,  as  thermal 
waters  of  52°  cent.,  on  the  western  bank  of  Mal-pais. 
The  beds  of  black  or  yellowish-brown  clay  have 
been  heaved  up  j  the  surfece  of  the  soil  is  covered 
only  with  some  volcanic  ashes,  no  accumulations  of 
scoriae  or  ejections  issuing  irom  the  crater  have 
caused  the  convexity  of  Mal-pais.  From  this 
heaved  up  soil  (Sept.  1759)  several  thousands  of 
small  cones  or  basaltic  hills  with  very  convex  sum- 
mits have  issued  (the  ovem,  or  homitos').  They  are 
all  insulated  and  scattered,  so  that  in  order  to  ap- 
proach the  foot  of  the  great  volcano,  you  pass  by 
-winding  paths  (hs  calle^ories  del  Mollis).  Their 
elevation  is  irom  six  to  nine  feet.  The  smoke 
issues  a  little  below  the  point  of  the  cone,  and 
remains  visible  for  fifty  feet  in  height-  Other 
streams  of  smoke  come  from  large  crevices  which 
cross  the  paths ;  they  belong  to  the  soil  Itself  of 
the  heaved  up  plain.  In  1780,  the  heat  of  the 
hormtos  was  still  so  great  that  a  cigar  could  be 
lighted  by  tying  it  to  a  stick  and  plunging  it  two 
or  three  inches  deep  in  one  of  the  lateral  openings. 
The  cones  (homitos)  are  uniibrmly  composed  of 
spheroidal  basalt,  often  flattened,  from  eight  inches 
to  three  fee^  of  diameter,  and  imbedded  in  a  mass  of 
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clay  in  contorted  beds.  The  aspect  of  these  cones 
is  absolutely  the  same  with  that  of  ^e  conical  hills 
of  globular  basalt  {Kugelbasalt-Kitppen)  which  are 
so  iirequently  seen  in  Saxony,  on  tiie  frontiers  of 
the  Uj^er-Falatinate  smd  Franconia,  and  princU 
pally  in  the  Mittelbei^  of  fiohemia ;  the  difference 
consists  only  in  the  dimensions  of  the  hiUa.  AL 
Freiesleben  and  myself  saw  some,  however,  that 
were  perfectly  insulated,  and  were  only  from  fifteen 
to  twenty  feet  hi^.  The  centre  of  the  balls  in  the 
homitos,  as  in  the  ancient  globular  basalts,  is  some' 
ivhatfreshCT  aiid  more  compact  than  the  concentric 
strata  which  envelope  the  nucleus,  and  of  which 
I  was  often  able  to  count  from  twenty-five  to 
twenty-eight.  The  whole  mass  of  these  basalts, 
constantly  traversed  by  acidulated  and  hot  va- 
pours, is  extremely  decomposed.  It  often  presents 
only  a  black  and  ferruginous  clay,  with  yellow 
Epots,  perhaps  too  large  to  be  attributed  to  a  de- 
composition of  olivine.  In  approaching  the  ear  to 
one  of  those  cones,  a  hoarse  sound  is  heard,  like 
that  of  a  sulrterraneous  cascade ;  it  is,  perhaps, 
caused  by  tiie  waters  of  the  Rio  Cuitamba,  which 
are  engulfed  in  the  Malptds.  Here,  ttierefore, 
are  certainly  flattened  spheroids  of  basalt,  agglo- 
merated into  conical  hills,  which  have  been  heaved 
up  in  our  times,  and  vhich,  consequently,  are  nei- 
ther fragments  of  ancient  currents  of  lava,  nor  the 
result  of  a  decomposition  of  basaltic  articulated 
prisms,  nor  that  of  a  fortuitous  accumulation  of 
ejections  of  a  distant  crater.     It  is  probable  that 
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the  elastic  force  of  vapours  has  covered  the  convex 
plain  <^  Mal-pais  with  these  komttos,  in  tlie  form 
of  bhsters,  just  as  the  surface  of  a  viscous  fluid  is 
covered  with  bubbles  by  the  action  of  gas  which 
disengages  Irom  it.  The  crust  that  forms  the  small 
domes  of  the  hermtos  has  so  little  soUdity  that  it 
sinks  beneath  the  fore-feet  of  a  mule  in  ascraiding. 

The  faxAs  which  I  have  just  stated  appear  to  me 
so  much  the  more  important  to  geognosy,  as  there 
exists  in  the  most  ancient  basaltic  formations  a 
great  analogy  between  the  insulated  bills  of  globu- 
lar basalt  and  those  of  columnar  basalt.  Some 
celebrated  geologists  have  long  combated  the  hypo- 
thesis which  considers  so  many  basaltic  mountains 
of  so  r^ular  a  facm,  and  symmetrically  grouped, 
as  the  remains  of  a  current,  in  flowing  of  lava, 
which  has  advanced  progressively  on  a  doping  - 
ground.  We  must  distinguish  three  great  pheno- 
mena in  the  plains  of  Jorullo ;  the  general  heaving 
up  of  the  Mal-pais,  covered  by  several  thousands  of 
small  basaltic  cones  j  the  accumulations  of  scorise 
and  other  incoherent  substances  in  the  hills  the 
most  remote  irom  the  great  volcano,  and  the  U- 
thoid  lavas  which  the  mountain  has  thrown  out  in 
the  ordinary  form  of  a  current.  Th^  interior  o£ 
the  crater  of  Vesuvius,  which  I  visited  several 
times  in  the  month  of  August  1805,  with  MM.  de 
Buch  and  Gay-Lussac,  exhibited  the  same  difier- 
ence  between  the  bottom  of  the  heaved  up  crater, 
that  is  to  say,  more  or  less  convex,  as  we  f^proach 
the  epocha  of  the  great  eruption,  and  the  cones  o€ 
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aggregated  scorise'  which  are  fortried  aroiind  ae^ 
Teral  bufning  openings.  It  is  these  aceumuIaticHis 
of  incoherent  matter  alone  which  resemble  Mente 
novo  of  Fouzzole.  The  crust  of  the  lava  that  con- 
stitutes the  bottom  of  craters  rises  and  funks  like  a 
moveable  floor,  (Buch,  Geogn.  Beoh.  t  ii.  p.  124.) 
At  Vesuvius  the  bottom  was  so  rcninded  (in  1S05) 
that  its  central  pare  overpassed  the  level  of  the 
southern  edge  of  tiie  volcano.  The  swelling  wlucb 
is  periodically  observed  in  the  accessible  watera-  of 
burning  volcanoes,  at  the  bottom  of  a  circular  aniL 
lengthened  valley  that  terminates  their  sinnmitS) 
fUmishes  a  striking  analogy  with  the  heaved  i^  soil 
of  the  MaLpais  of  JoniUo ;  imd  probably  also,  wirfi 
those  volcanic  blands  which  a[^>ear  like  black  rocks 
above  the  surfiice  of  the  ocean,  before  they  burst 
and  throw  out  flames.  It  spears  that  M.  d'Au- 
buisson  had  no  opportunity  of  considting  the  sec- 
tions which  I  published  of  the  volcano  of  Jorullo 
(Humboldt^  Essai  poUtique,  ti.  No.  253.;  Id-,  iVir- 
veOement  barom.desAndes.'^o*370—374i.;  ld.,Vues 
des  CordiUh-es,  p.  S42.  pL  43. ;  Id.,  Atlas  g^ogra- 
phique  et  pJysique  du  Vt^age  atix  Hg.  ^guin.  pi.  28. 
et  29. ),  when,  in  his  interesting  Traiti  de  gSogttotie, 
t  i.  p.  S&l.,  he  supposes  that  I  confounded  a  heaved 
up  soil  with  accumulations  of  ejections,  of  whidi 
the  thickness  increases  as  -  we  approach  the  vol- 
canic mouth. 

,  The  composition  of  basalt,  or  rather  the  more  or 
less  frequent  occurrence  of  some  crystallised  sub- 
'.stances  disseminated  in  it,  varies  in  different,  parts 
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of  equinoxlal  America,  as  well  as  in  Europe.  Oli- 
vine, so  common  in  the  basalts  of  Germany,  France, 
and  Italy,  is  very  rare,  according  to  MM.  Maccul- 
loch  ^id  Bou^  in  the  west  of  Scotland,  and  the 
north  of  Ireland.  Hornblende,  in  large  crystals, 
abounds  in  Saxony  (Oberwiesenthal  and  Carlsfeld), 
in  Bohemia,  in  Fulde,  and  in  Hungary  (Medwe), 
while  it  is  most  frequently  wanting  in  the  basalts  of 
Auvergne  and  the  Canaries.  Glassy  feldspar  and 
olivine  are  found  almost  constantly  associated  in 
the  basaltic  formation  of  Mexico  and  New  Grenada ; 
often  (Valle  de  Santiago,  Alberca  de  Palangeo) 
hornblende  and  pyroxene  are  wanting  j  at  other 
times  (Cerro  del  Marques,  above  San  Augustin  de 
las  Cuevas  j  Chichimequillo  near  Silao)  basalt  con- 
tains olivine,  glassy  feldspar,  amphibole,  and  py- 
roxene. In  the  iinevalley  of  Santiago  (New  Sp£un) 
hyaUte  is  so  common  that,  by  a  predilection  very 
difficult  to  explain,  the  ants  collect  it  whenever  the 
basalt  is  decomposed,  and  transport  it  to  their  nests. 
I  never  saw  very  great  masses  of  olivine  in  the 
Cordilleras  of  the  Andes ;  those  of  Europe  belong 
more  particularly  to  basaltic  breccia  (Weissenstein 
near  Cassel ;  Kapfenstein  in  Styria). 

The  formations  of  clay  and  marl,  which'we  have 
mentioned  in  the  preceding  table  as  belonging  to 
volcanic  formations,  merit  great  attention  in  the 
Cordilleras  of  the  Andes,  the  archipelago  of  the 
Canary  Islands,  and  in  the  Mittelgebirge  of  Bohe- 
mia (TrzebUtz,  Huvka).  In  those  tiiree  regions, 
which  I  visited  successively,  the  clay  did  not  appear 
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to  me  to  be  accidentally  placed  in  the  Cquid  mius, 
as  is  sometimes  the  case  in  the  plastio  clay  (sand- 
Atone  with  lignites,  $  35.)  above  the  chalk,  or  in 
the  secondary  and  tertiary  limestone  (Jura  and 
coarse  limestone)  of  the  Vicentino^  which  I  found 
imljedded  as  angular  fragments  in  basah,  and 
which  penetrate  the  basalts  so  much,  that  even 
the  latter  effervesce  with  acids.  The  argillaceous 
marl  of  the  Cordilleras  (Cascade  of  Re^  and 
road  from  Regla  to  Totomilco  el  grande ;  Guchi- 
laqu^  at  the  north  of  Cuemavaca ;  Ci:dnlet^  near 
Guanaxuato),  and  those  of  the  Isle  of  Gradosa 
(near  Lancerote^  alternate  with  beds  of  basalt, 
and  are  perhaps  of  a  contemporary  fonnation,  like 
the  argillaceous  slates  that  alternate  with  aljttne 
limestone.  (Humboldt,  Relat.  Hist^  t.  i.  p.  88.) 
Their  position  ev^i  seems  to  prove^  that  they  are 
not  owing  to  the  decomposition  of  basalt;  crysttds 
of  pyroxene  and  pyT(^>&^fuiieita  are  often  found  in 
them.  I  shall  not  decide  whether  die  raassH  of 
clay,  which  in  the  Andes  of  New  Grenada  suiround 
(betwe^  Ff^ayan,  Qailichao,  and  Afanaguer) 
tJiose  immense  heaps  <^balk<^'  dol^te  and  gre«i- 
stone  with  glassy  feldspar,  belong  to  fcoro^ions  of 
basate  or  to  syenite  and  pcophyry  of  die  ta-ansition 
fonnation;  but  undoiAitedly  the  tveds  of  cJay 
(tepetaie),  which  rend^  a  jeirt  of  the  &ie  proviiioe 
<X  Quito  sterile,  have  isnied  from  the  flunks  of 
v<dcanoes,  not  mitred  with  matter  in  fiision,  but 
Bu^ended  in  water.  The  immdations  that  ^ways 
acc<nnpaiiy  the  eruptions  of  Cotcf>axi,  Tunguragua, 
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and  other  volcanoes  of  the  Andes  still  burning,  are 
not  owing,  as  at  Vesuvius  (Memoires  de  FAcadSmiet 
1754,  p^  18.).  to  torrents  of  pluvial  waters  poured 
from  the  clouds  that  form  during  the  eruption 
(by  the  disengaged  vapour  of  water  in  the  crater)  \ 
they  are  principally  the  result  of  the  melting  of 
the  snows,  and  the  slow  infiltrations  that  take  place 
on  the  dedivity  of  volcanoes,  of  which  the  height 
surpasses  24>60  tmses  (that  of  the  limit  of  per- 
petual snow).  The  shocks  of  violent  earthquakes, 
which  are  not  always  followed  by  flames,  open 
caverns  filled  with  water,  and  those  waters  bear 
along  with  them  broken  and  bruised  trachyte, 
clay,  pumice,  and  other  incoherent  substances. 
These  perh^s  might  be  called  Ttmddy  ervptUms, 
if  that  denomination  did  not  connect  a  phenomenon 
of  inundation  too  nearly  with  phenomena  essen- 
tially volcanic.  When  (on  the  19th  June,  I698) 
the  Peak  of  Carguairazo  sunk  down,  more  than 
four  square  leagues  around  were  covered  with 
cUiifeif  rmtd,  called  in  the  country  lodazales.  Small 
fish,  known  by  the  name  of  PrenadiUas  (Pmelodes 
cyclopum),  a  species  which  inhabits  the  streams 
of  the  province  of  Quito,  were  enveloped  in  the 
liquid  gections  of  Carguairazo.  These  are  the 
fish  said  to  be  thrown  out  by  the  volcano,  because 
they  live  by  thousands  in  subterraneous  lakes,  and, 
at  the  moment  of  great  eruptions,  issue  through 
crevices,  and  are  carried  down  by  the  impulsion  of 
the  muddy  water  that  descends  on  the  declivity 
of  the  mountains.   The  almost  extinguished  volcano 


j'byGooglc 


456 

of  Imbabuni  ejected,  in  1691>  so  great  a  quantity 
of  PrenadiUaSt  that  the  putrid  fevers  which  pre- 
vailed at  that  period  were  attributed  to  miasma 
exhaled  by  the  fish.  (Humboldt,  Recueil  tTobs.  de 
xoohgie  et  d'anaiomie  c<m^aree,t.i.  p.  2S.  and  t.  ii. 
p.  150.) 

Dolerite  of  the  basaltic  formation  (D'Aubuisson, 
Jowiu  des  mineSf  t.  xviiL  p.  197' ;  Leonhard  and 
Gmelin,  vom  Doierit,  p.  17 — S5.)  is  very  rare  in  the 
Cordilleras,  which  rather  abound  in  trachytic  rocks 
in  which  feldspar  is  more  abundant  than  pyrox- 
ene. I  believe  however,  that  a  dolerite  which  I 
found  in  the  road  from  Ovexeras  to  the  hot  springs 
of  Comangillo,  near  Guaoazuato,  belongs  to  the 
basalts  of  Caldera  and  Aguas  buenas,  and  not  to 
real  trachyte.  There  is  the  same  uncertainty  on 
the  position  of  phonolite,  when  it  occurs  insulated, 
or  distant  from  basaltic  and  tr^hytic  mountains. 
This  insulated  position  characterises  the  phonolite 
of.  Feiion,  which  forms  a  bank  in  the  Rio  Magda- 
lena,  and  ^pears  immediately  superposed  on  the 
granite  of  Banco ;  the  phonolite  which  I  saw 
piercing  through  the  rock-salt  of  Huaura  (Lower 
Feni,  near  the  coast  of  the  south  sea)  j  finally,  that 
which  rises  at  the  northern  banks  of  the  steppes  of 
Calabozo  (Cerro  de  Flores).  The  latter  is  geo- 
gnostically  connected  with  pyroxenic  amygdaloid 
alternating  with  transition  greenstone.  (Humboldt,. 
Bel.  hist.,  ti.  p.  154.)  The  cellular  amygdaloids 
(tezontli),  containing  glassy  feldspar,  pyroxene, 
and  lithomarge,  are  most  common  in  the  centrd 
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table-land  of  New  Spain.  They  are  sometimes 
covered  by  basalt,  and  sometimes  form  (Cuesta  de 
Capulalpan)  balls  three  feet  thick,  joined  into  cones 
or  hemispherical  hills,  superposed  on  transition 
porphyries. 

IIL  Lavas   that   have   issued  in  the  form 

OF  CURRENTS  FROM  A  CRATER.      LUkotd  feldspothk 

lavas,  similar  to  trachytes.  Basaltic  lavas.  Obsi- 
dian  of  lavas.  Vitreous  pimice  qf  obsidian.  We 
have  already  observed  above,  how  rare  are  cur- 
rents of  lava  in  the  Cordilleras.  Those  which  I 
saw  were  owing  to  the  lateral  eruptions  of  Antisana, 
Popocatepetl,  and  JoniUo.  Many  currents  (Mai- 
pais)  have  issued  fixmi  volcanic  cratera  which 
have  since  been  closed,  and  which  it  is  now 
impossible  to  discover.  Other  currents,  having 
the  same  direction,  are  confounded  with  each 
other;  they  now  appear  in  vast  layers  similar  to 
more  ancient  pyroxenic  rocks.  Hornblende  is 
much  more  rare  in  the  lavas  of  the  valley  of 
Tenochtitlan  (between  San  Augustin  de  las  Cuevas 
and  Coyoacan)  than  m  the  lavas  of  Europe.  A 
learned  Mexican  mineralogist,  M.  Bustamante,  has 
recently  subjected  them  to  a  mechanical  analysis 
with  great  success,  according  to  the  ingenious 
method  suggested  by  M.  Cordier.  (Semanario  de 
Mexico,  1820,  Na  20.  p.  80—90.; 
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IV.  VoLCAKIC  TUFA,  OFTEN  MIXED  WITH  SHELLfc 

V.  LOCAI.  CALCAHEOUS  AND  OTPSEOUS  TORH- 
ATIONS,  SUPERPOSED  ON  VOLCANIC  TUFAS,  OK 
BASALTIC   ROCKS  (hANDELSTEIN)  OR  ON  TRACHYTES. 

I  include  in  these  very  modem  formations  in 
the  table-land  of  Quito,  the  lamellar  gypsum  of 
Pululagua,  the  argillaceous  and  fihrous  gypsum  of 
Yaruquies,  the  slaty,  carbureted,  and  vitriolic  clays 
of  San  Aatraiio,  the  satiferous  clays  (?)  of  the  Villa 
of  Ibarra,  the  sand  with  lignites  of  Llano  de  Tapia 
(at  the  foot  of  Cerro  del  Altar),  «id  the  calcareous 
tu&  (caleras")  of  Agua  santa.  In  the  Canary 
Islands  also,  calcareous,  ooUtic,  and  gypseous  form- 
ations are  subordinate  to  volcanic  tuft.  (Lancerote 
and  Fortaventoia).  We  cannot  point  out  the  re- 
ladve  age  of  these  small  deposites  in  con^aring 
ihem  '\4rith  the  chalk,  or  the  most  modem  tertiary 
&rmati(m8(SS  37-^9.);  we  have  placedthem  here 
accM'ding  to  the  order  of  their  position  above  vol- 
canic roclou  In  Hungaiy,  according  to  the  in- 
teresting ohservationB  of  M.  Beud^it*  a  sandstone 
with  lignites  (§  35.)  su|>erposed  on  trachytic  con- 
glomerate (Dregely),  on  craiglomerate  of.  piunice 
(Palc^ta),  and  even  on  trachyte  (Tokai),  is  covered, 
in  its  tum,  dther  by  c^caire  grossier  (§  36.)  of 
the  tertiary  formation,  or  by  fresh-water  limestone 
or  finally,  by  basaltic  currents. 

Such  are  the  principal  formations  of  pyrogenic 
rocks,  owing  to  heaving  up,  to  lateral  overflowiog. 


jbyGoogIc 


or  to  simple  ejections.  We  shaU  confine  ourselves 
to  the  description  of  fects,  without  touching  on 
problems  stall  so  imperfectly  known.  We  fear  that 
what  Montdgne  said  of  a  certsun  kind  of  philoso- 
phy, might  be  reasonably  applied  to  geognosy, 
"  It  comes  from  our  having  inquisitive  minds  and 
bad  eyes.** 
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TABULAR  AERANGEMENT 

or 

FORMATIONS 

OBSERVED   IN   BOTH    HEMISPHERES    (18S2), 


Roman  Dumenlt  are  prefixed  to  the  nanei  of  those  ftmnBtioiu, 
whidi,  being  Ytxy  seldom  wsotiiig,  and  coniequently  eiteodiiig  moit 
geDerallj,  msj  be  conaidered  as  geognostic  horiioiu.  The  KCtEont  and 
the  pi^ea  where  the  deicriptioiiB  are  found  are  also  given. 


Introduction  cont^ning  some  principles  of  geognostic 
philost^hy,  p.  1 — 84. 


PRIMITIVE    FORMATIONS. 


General  views,  p.  85. 

I.  Primitive  granite,  §  1.  p.  85 — 87. 
Primitive  granite  and  gneiss,  §  2.  p.  88. 
Stanniferous  granite,  $  9.  p.  88. 
AVeiston  with  serpentine,  $  4.  p.  89. 

II.  Primitive  gneiss,  §  5.  p.  90 — 94. 
Gneiss  and  mica-slste,  $  6.  p.  95^97. 

Granites    posterior    to   gneiss,    anterior  to  primitive 

mica-slate,  j  7.  p.  97 — 101. 
Primitive  syenite?  }  8.  p.  101 — 102. 
Primitive  serpentine  ?  j  9.  p.  lOS. 
Primitive  limestone?  $  10.  p. ,103. 

The  five  latter  fonnatioiu,  placed  between  gnoii  and  primitive  mic*- 
date,  are  parallel  fbnnationa. 

III.  Primitive  mica^late,  $  1 1 .  p.  1 05 —  111. 
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Qrotiite  post^ior  to  mica-slate,  anteritu'  to  clay-sIate, 

$13.  p.  111. 
Gneiss  postmor  to  micA-date,  $  13.  p.  112. 
Greenstone-sUte,  or  grunstein-scliiefer  ?  §  14.  p.  1 13. 

IV.  Primitive  clay-slate,  §  15.  p.  112—116. 

Quartz  rock  (with  masses  of  specular  iroD,  or  fer  oligifte 

metalloid],  $  16.  p.  116—132. 
Granite  and  gneiss  posterior  to  clay-slate,  j  17.  p.  123. 
Primitive  porphyry  ?  j  18.  p.  12S — 12*. 

V.  Primitive    euphotide,    posterior    to    clay-^t£^    }  19. 

p.  134—128. 

Ilie  fbor  latter  fitnaadaiu  are  panlld  to  each  othtr,  nrnnftiMfn  nen 
to  pripiliTC  day-alatc. 

TBANSITION    FORMATIONS. 

General  views,  p.  139 — 144.     Types  of  lociJ  superpo- 
udons,  p.  1S4. 

I.  Granular  talcose  limestone  tran»tioD  mica-sl«te,  end 

grauwacke  with  anthracite,  $  20.  p.  144—151. 

II.  Transition  porphyries  Mid  ayoiatea,  immediatdy  cover- 

ing primitive   rocks;    black  limestone  and  gceen- 
stone,  $21.  p.  151—185. 

III.  Transition  clay-slate^  containing  grauwacke,    green- 

stone, black  limestone,  syenite  and  porphyry,  §  22. 
p.  186— 313. 
rV.  and  V.  Porphyries,  syenites,  and  greenst^»ie  posterior 
to  transition  clay-slate,  sometiuies  even  to  limestone 
with  orthoceratites,  §{  33, 34.  p.  313—254. 

VI.  Transition  euphotide,  §  35.  p.  255. 

SECONDARY   PORMATION8. 

General  views,  p.  261. 
I.    Great   coal  dq>osit^   red  sandstone  and    secondary 
porphyry  (with  interposed  amygdaloid,  greewrtone, 
and  limestoiae),  $  36.  p.  S62. 
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Secondary  quartz  rock,  §  27.  p.  29S — 299. 

This  latter  fonnation  b  paralld  with  the  coBl-sandataae. 
n.  Zechstem  or  alpine  limestone  (m^nesian  limestone); 
bydrated  gypsum ;  rock-salt,  §  28.  p.  229. 

The  five  fc^owing  formations  which  are  rery  nneqiuiUy  derelopet^ 
may  be  compreheiided  Dnder  the  genenl  name  of 

III.  Arenaceous  and  calcareous  deposites  (marly  Mid  oolitic, 

placed  between  the  zechstein  and  the  clialk,  and  con- 
nected with  these  two  Ibrmations),  p.  343. 

Clay  and  variegated  sandstone  (sandstone  with  oolite; 
sandstone  of  Nebra;  new  red  sandstone,  and  red 
marl),  with  gypsum  and  rock-salt,  J  29.  p.  Si-i^—S50. 

Muschelkalk  (shelly  limestone;  hmestone  of  Gottin- 
guen),  j  30.  p.  350 — 354. 

Quadersandstein  (sandstone  of  Konigstein),  §  SI.  p.  354 
— S57. 

Jura  limestone  (lias,  marl,  and  great  oolitic  deposites), 
§  32.  p.  3S7— 373. 

Ferruginous  sand  and  sandstone,  gi-een  sand  and  sand- 
stone, secondary  sandstone  widi  lignite  (iron-sand 
and  green  sand),  j  33.  p.  37S — 377. 

IV.  Chalk,  }  34.  p.  377—380. 

TERTIARY    FORMATIONS. 

General  views,  p.  381 — 387- 

I.  Clay  and  tertiary  sandstone  with  lignite  (plastic  clay, 

molasse,  and  n^elfluhe  of  Argovia),  §  SS.  p.  387 — 394. 

II.  Limestone    of    Paris   (calcaire  grossier,  or  limestone 

with  cerithia,  a  formation  parallel  to  the  London  clay, 
and  to  the  arenaceous  limestone  of  Bt^or),  $  36. 
p.  394 — S99. 

III.  Siliceous  limestone,  gypsmn  with  bones,   altematii^ 

vrithmarl  (gypsum  of  Montmartre),  }  S7.p.40O — 402. 

IV.  Sandstone,  and  sand  above  the  gypsnm  with  bones 

(sandstone  of  Fontunebleau),  j  38.  p.  402 — *0S. 
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V.  Fresh-water  fomutUon  witli  porous  mUlstones  (ineu- 
li^re),  above  the  sandstone  of  Fonui&ebleau  (lime- 
stone with  lymneee),  j  39.  p.  40S — *0*. 

FORMATIONS  (EXCLUSIVELY)  VOLCANIC. 

General  views,  p.  405 — 422. 

I.  Trachytic  formations,  p.  422 — 443. 
Granitoid  and  syenitic  trachytes. 
Porphyridc  trachytes  (feldspathic  and  pyroxenic). 
Phonolites  of  trachytes  (semi- vitreous  trachytes). 
Fearlstone  with  obsidian. 

Millstone  and  cellular  trachytes,  with  siliceous  nodules. 

Trachj^  and  pumice  (ungloinerste*,  with  aluoistooe,  aulphur,  opal, 
and  opilised  wood. 

II.  Basaltic  formatdons,  p.  442. 

Basalt  with  olivine,  pyroxene,  and  a  litde  hornblende. 

PhoDoUte  of  basalt. 

Dolerite. 

Cellular  mandelstein. 

Clay  with  pyrope-gamets. 

This  small  formation  Bcems  to  be  connected  with  the  cla;  with  lig- 
nite of  the  tertiaiy  fonnotioD,  over  which  cutrents  of  basalt  are  often 

Conglomerates  and  basaltic  scoriae. 

III.  Lavas  that  have  issued  from  a  volcanic  crater  (ancient 

lavas,  vast  masses  generally  abounding  ia  feldspar ; 
modem  lavas  with  distinct  currents  of  small  breadth ; 
obsidian  with  lava  and  pumice  of  obsidian),  p.  4S7> 

IV.  Volcanic  tutii,  with  shells,  p.  458. 

DepontM  of  compact  limestone,  maH,  clay  with  lignite,  gjpauni,  aad 
oolite,  Hiper  posed  on  the  moit  modern  volcanic  tufiu.  These  small 
local  fomiatioiw  belong  perhaps  to  the  tertiar;  rocks.  Table-land  of  ' 
Riohambo ;  bleu  of  Portaventura  and  Lancerote. 
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In  drder  to  have  more  general  ideas,  and  coiifl* 
prehend  better  the  relations  qf  superposition  indi* 
cated  in  the  table  of  rocks,  a  pasigraphic  method 
may  be  employed,  of  which  it  will  be  useful  to  re- 
capitulate here  the  fundamental  principles.  This 
method  is  double ;  it  is  either  ^figurative  (graphic, 
imitative)  representing  the  superposed  beds  by  pa* 
rallelograms  placed  one  above  the  other;  oralgorith-> 
mic,  indicating  the  superposition  of  rocks,  and  the 
age  of  their  formation,  as  the  terms  of  a  series. 

I  followed  the  first  method  in  the  Tables  de 
pasigrqfia  geognostica  which  I  traced,  in  1804, 
for  the  use  of  the  school  of  mines  at  Mexico ;  and 
which  is  generally  designated  by  the  name  of 
sections  qfjbfmaiions.  It  offers  the  advantage  of 
addressing  itself  to  the  eye  more  directly,  and  of 
expressing  simultaneottsb/  in  spa£e  two  series  or 
systems  of  rocks,  which  cover  ^e  same  formation. 
It  furnishes  an  easy  method  of  indicating  the 
geognostic  equivalents,  or  parallel  rocks,  as  also  in 
the  case  where,  by  the  local  suppression  of  the 
formation  ^,  the  formation  a  immediately  sup- 
ports y.  Two  parallel  rocks,  for  instance,  clay- 
slate  and  quartz  rock  (page  1S!0.),  both  superposed 
on  primitive  mica-slate,  are  represented  in  the 
figurative  method  by  two  parallelograms  of  the 
same  height  placed  upon  a  third.  The  names  of 
the  rocks  are  inscribed  in  the  parallelograms,  or  as 
we  shall  see  below,  they  are  characterised  by  cover- 
ing them  with  a  species  of  netting,  differentiy  mo- 
dified,  according  as  tiie  rocks  graphically  repre- 
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tented  pass,  or  do  not  pass  to  each  other.  By  the 
local  suppression  of  the  sandstone  of  Nehra  (va^ 
riegated  sandstone)  and  the .  limestone  of  Got- 
tinguen  (muschelkalk),  Jura  limestone  may,  in 
one  place,  re^jose  immediately  (pp.  357.  373.)  on 
alpine  limestone  (zechstein),  while,  in  another,  we 
see  following  from  below  to  above,  alpine  lime- 
stone, muschelkalk,  variegated  sandstone,  and  Jura 
limestone.  These  relations  of  position  will  be  ex- 
pressed in  one  ideal  section  in  retrenching  from  the 
lower  part  of  the  piu-ellelogram  which  represents 
Jura  limestone,  on  one  aide  only,  a  quadrilateral 
figure,  representing  the  two .  formations  of  mus- 
chelkalk and  variegated  sandstone. 

The  second  method,  which  proceeds  by  series, 
and  may  be  called  algorithmic,  indicates  the  rocks 
not  in  an  imitative  manner,  not  \>yjigured  extension, 
but  by  a  special  notation.  The  wh<rfe  geognosy  of 
positions  being  a  problem  of  series,  or  the  simple  or 
periodical  succession  of  certain  terms,  the  various 
superposed  formations  may  be  expressed  by  gene- 
ral characters,  for  instance,  by  ^e  letters  of  the 
alphabet.  These  notations  applied  to  different  parts 
of  natural  philosophy '  in  which  the  juxtaposition  of 

'  Before  the  great  discovery  of  tbe  pile  of  Volta,  I  had,  in 
my  work  on  the  Irritation  of  the  nervous  Jibre,  indicated,  by  a 
particular  notatioD,  io  which  cases,  in  a  chain  of  heterogeneous 
metaU  and  humid  interposed  part«,  the  muscular  excitement 
took  place,  and  in  wl)ich  the  galvanic  current  was  stopped. 
The  simple  inspection  of  the- series,  and  the  respective  position 
of  the  terms  (elements  of  the  pile)  might  lead  cue  to  imagine 
^he  result  of  the  experiment.  (Humboldti  VerttuAe  iiier  dw 
gereixle  Muskel-und  Nervenfaser,  t.  i.  p.  236-) 
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things  are  examined,  are  not  merely  fanciful.  They 
have  the  great  advantage,  in  positive  geognosy,  of 
fixing  the  attention  on  the  most  general  relations 
of  relative  position,  alternation,  and  the  suppression 
of  certain  terms  of  the  series.  The  more  we  make 
ahstraction  of  the  value  of  signs  (of  the  compo^i* 
tion  and  structure  of  rocks),  the  better  we  seize, 
by  the  conciseness  of  a  language  in  some  degree 
algebraic,  the  most  complicated  relations  of  posi- 
tion, and  tJie  periodical  return  of  formations.  The 
signs  «,  (3,  y,  will  no  longer  represent  granite, 
gneiss,  and  mica-slate;  red  sandstone,  zechstein, 
and  variegated  sandstone;  chalk,  tertiary  sand-' 
stone  with  lignite,  and  Parisian  limestone ;  they 
will  only  be  the  terms  of  a  series,  simple  abstrac- 
tions of  the  mind.  We  are  far  from  pretending 
that  the  geognost  ought  not  to  study,  even  in  its 
closest  relations,  the  mineralogical  and  chemical 
composition  of  rocks,  the  nature  of  their  crystalline 
texture,  and  their  raa^s ;  we  only  desire  that 
abstraction  should  be  made  of  these  phenomena 
when  there  is  a  question  only  of  their  succession 
and  relative  age. 

If  the  letters  of  the  alphabet' represent  tiiese 
superposed  rocks,  of  two  series, 
«,  ^,  y.  8 

«,  «^,  ^,  "iSy,  y,  8  .  .  .  ., 

the  first  iodicates  the  succession  of  simple  and  in- 
dependent formations ;  granite,  gneiss,  mica-slate, 
<^ay-fdate  or  jnusdielkalk,  sandstone  of  Konigstein 
(quaderaandstein),  Jura  limestone,  and  green  sand- 
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stone  with  lignite  (below  the  chialk).  The  second 
indicates  the  alternation  of  simple  with  complex 
formations ;  granite,  gneiss-granite,  ^eiss,  gneiss- 
mica-slate,  clay-slate  (pp.  86.  88.)';  or,  to  give 
an  example  taken  irom  the  transition  fonn^on 
(p.  1390'  limestone  with  orthoceratites,  lime- 
stone alternating  with  slate,  transition  slate  alone, 
^te  and  grauwacke,  grauwacke  alone,  transition 

porphyiy In  the  complex  formations,  that  is, 

in  those  which  present  the  periodical  alternation 
of  several  beds,  we  sometimes  distinguish  three 
different  rocks,  which  do  not  pass  to  each  other 
in  the  same  group ; 

„-  «.  ft-^y.  y 

aft-,  «/3S,  ^ 

as  in  primitive  formations,  there  are  alternating  beds 
of  granite,  gneiss,  and  mica-slate ;  so  in  the  trans- 
ition formation,  alternating  beds  of  grauwacke, 
slate,  and  limestone,  or  grauwacke,  slate,  and  por- 
phyry, or  clay-slate,  grauwacke,  and  greenstone, 
constitute  one  formation.  In  the  transition  rock^ 
as  we  have  stated  above,  clay-^te  aird  grau- 
wacke alone  are  not  the  terms  of  the  series. 
Those  terras  are  all  complex  j  they  are  groups, 
and  grauwacke  belongs  at  once  to  several  of 
those  groups.  It  thence  results  that  the  term 
grauwacke  Jbrmation  relates  only  to  the  predomi- 
nance of  that  rock  in  its  association  with' other 
rocks. 

Each  class  aifords  the  example  of  independent 
formations  which  prelude  as  subordinate  beds.    If 
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■«j8y,  or  afi,  ^  indicate  die  complex  formations  of 
^;ranite,  gneiss,  and  mica-slate,  or  of  granite  and 
gneiss,  clay-slate  and  porphyry,  porphyry  and  sye- 
nite, marl  and  gypsum,  that  is,  the  formations  in 
which  beds  of  two,  and  even  three  roc^s  alternate 
indefinitely }  a+|3,  jS+y,  will  indicate  that  gneiss 
forms  simply  a  bed  in  granite,  porphyry  in  slate,  &e. 
Then 

a,c<+)9,  (3,3+y,  y.  ... 

expresses  the  curious  phenomenon  of  formations 
-which  prelude  or  announce  themselves  as  subordi- 
nate beds.  Those  beds  sometimes  call  to  mind  the 
terms  that  precede  (lower  rocks)  sometimes  the 
terms  tJiat  follow  (upper  rocks).  Thus  we  sh^ 
■have 

«.  (3,  /3+«,  §,  /3xy,  y 

The  porphyries  and  granular  syenites  of  the  trans- 
ition formation  penetrate  into  the,  red  sandstone, 
forming  subordinate  beds.  If  the  position  of  the 
-formation  of  the  valley  of  Fassa  is  such  as  has 
-been  lately  announced  {p.  340.),  a  preceding  term 
(syenite)  passes  as  far  as  into  the  alpine  limestone 
orzechstein ;  it  is  the  case  in  the  series, 
«,  p+a,  y+«,  S.  .  .-. 
When -we  would  apply  the  pasigraphic  nota- 
tion also  to  the  elements  of  composed  rocks,  that 
notation  may  indicate,  how  by  the  progressive 
augmentation  of  the  elements  of  the  mass,  and 
chiefly  by  the  insulated  crystals,  beds  are  formet] 
by  a  sort  of  interior  developement; 

abc,  abc^  abc^,  ....  ahc+c 
BH  3 
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We  have  preferred  in  this  particular  case  (beds 
of  feldspar  in  granite,  beds  of  quartz  in  mica-slate 
or  gneiss,  beds  of  hornblende  in  syenite,  beds  of 
pyroxene  in  transition  dolerite)  the  letters  of  the 
Roman  alphabet  to  those  of  the  Grreek,  in  order 
not  to  confound  the  elements  of  a  rock  (feld- 
spar, quartz,  mica,  hornblende,  pyroxene)  with  the 
rocks  that  enter  into  the  composition  of  complex 
formations. 

We  have  hitherto  shown  that  in  making  abstrac- 
tion altogether  of  the  composition  and  physical  pro- 
perties of  rocks,  the  pasigraphic  notation  can  reduce 
the  most  complicated  problems  of  composition  to 
great  simplicity.  This  notation  shows  how  the 
same  subordinate  beds  (rock-salt  in  zechstein  and 
red  marl,  §  §  S8,  @9-  i  coal  in  red  sandstone,  zech- 
stein, and  muschelkaJk)  pass  across  several  form- 
ations, superposed  on  each  other : 

«+^  ^+^  y»  '+f*- .  ■ . 
It  also  reminds  us  of  the  return  of  feldspathic  and 
crystalline  formations  in  the  transition  rocks  and 
red  sandstone  (Norway,  Scotland),  a  return  whidi 
is  analogous  to  that  of  granite  afl^  gneiss  imd  pri- 
mitive mica-slate : 

»>  (3,  «,  y,  S X,  X,  «,  j3,  .  .  . 

The  first  terms  of  the  series  re-appear,  even 
after  a  long  interval,  after  grauwacke  wiA  lime- 
stone with  orthoceratites,  that  is,  a^r  Jragmentary 
and  shelb/  rocks. 

In  concluding  this  work,  I  shall  show,  that  if  we 
give  less  generality  to  the  notation,  and  modify 
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it  according  to  some  physical  considerations  (c£ 
atracture  and  composition),  we  may,  by  means  of 
twelve  geognostic  signs,  exhibit  the  most  important 
phenomena  of  position  of  the  primitiye,  interme- 
diary, secondary,  and  tertiary  formations.  Those 
twelve  signs  comprehend  seven  series  of  rocksj  viz. 
mica-slate  (and  its  modifications  on  one  side  into 
granite  and  gneiss,  on  the  other,  into  clay-slate),  the 
euphotides,  the  hornblende  rocks  (greenstone,  sye- 
nite), porphyries,  limestone,  and  fragpientary  rocks. 
Characters  have  been  added  for  the  great  deposites 
of  coal  and  rock-salt,  which  wUl  serve  to  guide 
geognosts,  their  position  indicating  that  of  red 
sandstone  and  alpine  limestone. 

Table  and  Value  of  the  Signs. 

«,  Granite.    ' 

p.  Gneiss. 

y.  Mica-date. 

B,  Clay-slate. 

The  first  four  letters  of  the  alphabet  have  teen 
employed  to  designate  the  four  most  ancient  pri- 
mitive fonnations.  As  these  formations  pass  gra- 
dually into  each  other,  the  letters  have  been  chosen 
which  succeed  immediately  in  an  alphabetic^ 
order.  Granite  passes  to  gneiss,  gneiss  to  mica- 
date,  and  this  to  clay-slate.  Other  formations  (por- 
phyry, greenstone,  euphotide)  appear  in  some  de- 
gree insulated,  often  as  if  superadded  to  more 
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ancient  formations  ;  they  have,  therefore,  been  re- 
presented by  letters  which  do  not  immediately 
succeed  each  other,  and  do  not  follow  the  letters 
«,  ^  y,  S.  By  these  means  the  formations  which  are 
connected  less  with  others  than  they  are  con- 
nected together  (euphotide  and  greenstone),  are 
distinguished  in  pasigraphic  writing  in  as  marked  a 
manner  as  in  nature. 

0,  OphicJit^  euphotide,  gabbr<^  and  serpentine ; 
every  tbmaatiiyi  generally  abounding  in  diallage. 

<r.  Syenite,  greenstone ;  in  general  every  form- 
ation abounding  in  hornblende. 

r,  Porphyry.    We  sometimes  see  v  pass  to  <r,  and 

ir  pass  to  0. 

T,  Calcareous  and  gypseous  formations  (jneaoi). 
If  we  would  individualise  calcareous  formations 
still  more,  we  might  distinguish  the  primitive  (t), 
and  those  which  contain  organic  remains  (t*)  ;  we 
might  even  by  exponents,  indicate  separately  trans- 
ition limestone  (t*),  alpine  limestone  or  zechstein 
(i*),  limestone  of  Gottinguen  or  muschelkalk  (t"). 
Jura  limestone  or  the  great  oolitic  formation  (t°), 
chalk  (t"),  coarse  Parisian  limestone  (f'),  &c 

X,  Fragmentary,  arenaceous,  and  a^regated 
rocks,  conglomerates,  grauwacke,  sandstone,  brec- 
cia, clastic  rocks  of  M.  Brongniart  (K^wrrut). 

The  accentuation  (x')  indicates,  as  in  t,  that  the 
sandstone  is  shelly.  We  may  distinguish  grau- 
wacke, or  the  fragmentary  transition  rocks  (x«) ; 
red  sandstone  (x*),  containing  the  great  deposite  of 
coal  (anthrax)  ;  variegated  sandstone  or  sandstone 
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of  Nebra  (x")  ;  sandstone  of  Kfinigstein,  or  qua- 
dersandstein  (x') ;  green  sandstone,  or  tertiary  sand- 
stone  with  lignites  below  the  chalk  («') ;  sandstone 
abounding  more  in  lignite  above  the  chdk  (x'')  j 
sandstone  of  Fontainebleau  (x*),  &c.  A  good  no- 
tation should  have  the  advantage  of  modifying  the 
value  of  the  signs  according  as  we  stop  at  divisions 
variously  graduated.  The  exponents  have  an  allu- 
sion to  the  names  of  the  rocks. 

f,  Coal,  of  which  the  greatest  deposite  is  found 
at  the  beginning  of  the  secondary  formation  j  the 
same  sign  accentuated  (^)  indicates  lignite,  of 
which  the  great  deposite  is  placed  at  the  beginning 
of  the  tertiary  formation,  and  which  is  sometime 
shelly  (^x«). 

5,  Rock-salt,  of  which  the  principal  formation  is 
sometimes  found  in  alpine  limestone,  sometimes  in 
red  marl  or  variegated  sandstone.  Not  being  able 
to  employ  the  first  letter  of  the  Greek  word  oxj 
(which  already  indicates  granite),  I  have  made 
allusion  to  dcAoffra. 

II,  The  former  division  of  formations  into  primi- 
tive, intermediary,  secondary,  &c.,  is  indicated  by 
two  perpendicular  bars.  When  the  geognostic 
series  have  very  numerous  terms,  this  sign  appears 
like  points  of  repose.  The  experienced  geognost 
knows  previously  where  the  first  transition  rock, 
■coal-sandstone,  is  placed.  The  accentuation  of  a 
character  (S*,  t',  x')  calls  to  mind,  in  general,  that 
a  rock  contidns .  remains  .of  shells,  and  is  not 
primitive. 
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The  following  are  some  examples  of  the  employ- 
ment of  those  twelve  pasigraphic  signs  of  rocks : 

«(  y+*>  5r',  x',  T,  <r,  a. 

The  transition  formation  begins  after  ■/+«  (mica- 
slate,  with  beds  of  primitive  porphyry).  It  is  nearly 
the  succession  of  the  formations  of  Norway  (p.  1370- 
Then  follows  a  complex  formation  of  clay-slate 
and  black  limestone,  with  remains  of  shells,  grau- 
wacke,  porphyry,  syenite,  and  granite.  The  terms 
tr*  and  x',  which  precede  v,  it,  «,  characterise  those 
three  rocks  as  transition  rocks.  In  England,  where 
■  the  transition  rocks  furnish  two  very  distinct  cal- 
careous formations  (that  of  Dudley  and  Derby- 
shire), we  see  in  succession : 

&,  (T*,  S",  xS  t',  x",  t',  i,  x',  T*.  x"-+3,  T°,  x',  Ax'' 

The  transition  formation  begins  with  that  of  syenite 
and  porphyry  (Snowdon)  placed  on  gneiss  sup- 
posed to  be  primitive ;  then  follow,  a  clay-slate 
with  trilobites,  the  grauwacke  of  May-hill,  the 
transition  limestone  of  Longhope,  the  old  red  sand- 
atone  of  Mitchel  Dean,  the  mountain  limestone  of 
J)erbyshire,  the  great  coal  formation,  the  new  red 
conglomerate  which  represents  the  red.  sandstone^ 
magnesiferous  limlestone,  red  marl  with  rock-salt, 
oolitic  limestone,  secondary  sandstone  with  lignite 
.■(green  sand),  chalk,  tertiary  sandstone  with  lignite, 
or  plastic  clay,  &c.  The  secondary  formations  on 
the  continent,  if  they  were  all  developed,  succeed 
in  the  following  manner : 
.     f,  h'\\%k'+^^-^+S),  x",  r",  xS  r°,  x',  j%\\x"....     ■ 
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In  comparing  this  type  with  that  of  England, 

f,  X%  T*,  X°  +  *,  T°,  x',  t' 

we  see,  that  between  the  oolites  (y)  and  the  red 
marl  or  sand  of  Nebra  (x")  there  are  two  formations 
suppressed  in  England,  viz.,'muschelkalk  and  qua- 
dersandstein  ;  coal  (?),  rock-salt  (3)  and  oolite  (t") 
serve  as  terms  of  comparison  like  a  geognostic  hori- 
zon. But  on  the  continent  £  and  3  are  connected 
with  red  sandstone  and  alpine  limestone,  whUe  in 
England  these  deposites  are  rather  connected  with 
the  transition  rocks  and  red  marl.  Sometimes  r* 
is  subordinate  (p.  S(>8.),  intercalated  inx*:  these 
terms  of  the  series  (alpine  -limestone  and  red 
sandstone)  form  only  one.  The  uncertainty  of 
knowing  whether  a  limestone  is  alpine  (zechstein) 
or.  transition,  aris^  generally  from  the  suppression 
of  the  red  sandstone  and  the  deposite  of  coal  which 
nmtains  sandstone. 
Of  the  two  series, 

T,    X+£,    T..., 

r,  X,  T  . . . , 
the  first  alone  shows  the  certainty  that  the  last  r  is 
alpine  limestone.  In  the  second  series,  the  two 
limestones  and  the  fragmentary  rock  which  sepa- 
rates them  may  be  of  transition.  The  close  con- 
nection of  chalk  with  Jura  limestone  is  evident 
according  to  the  alternation  of  beds  (y,  «',  r',  x''), 
Mid  according  to  the  analogy  of  the  sandstone  with 
lignite  bdow  and  above  the  chalk. 

In  offter  to  unite  the  principal  phenomena  of  the 
poflitioa  of  rodcs  in  the  primitive,  intermediary^ 
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secondary,  and  tertiary  fonnations,  I  propose  tiie 
following  series.: 

«,  «|9,  |3+*,  ft',  y+T,  <*,  7,  S,  «,  ft  ^  0  II  x*.  T*,  8r',  <^, 
^+''.  y.  t',  <rr,  ff+ai,  (dt,  o  H  Tx'+f,  r'+S,  x",  i^,  xS  t°, 
«'.  T«  II  «•'.  t*. . .  . 

It  would  be  useless  to  give  the  explanation  c^' 
those  characters ;  it  will  be  seen  by  comparing  thera 
■with  the  table  of  fonnations.  I  shall  confine  my- 
self to  fixing  the  attention  of  the  reader  on  the  ac- 
cumulation of  porphyries  ('»)  on  the  limits  of  the 
transition  and  secondary  formations,  the  position  of 
euphotide  fonnations  (o),  the  great  deposites  of 
coal  and  lignite  (f),  and  on  the  return  (almost 
periodical)  of  feldspathic  formations  of  transition 
granite,  gneiss,  and  mica-slate  («,  ^,  y).  As  the 
notation  I  here  present  may  be  variously  graduated 
by  the  manner  in  which  the  characters  are  accen- 
tuated, in  uniting  thera  as  co-efficients  in  complex 
formations,  or  in  adding  exponents,  I  doubt 
whether  the  names  of  the  rocks  arranged  by  series 
at  the  side  of  each  other  would  address  itself  as 
.forcibly  to  the  eye  as  the  algorithmic  notation. 

In  the  figurative  or  graphic  method,  that  which 
represents  the  formations  by  parallelograms  super- 
posed to  each  other,  we  might  also  indicate  the. 
relations  of  composition  and  structure  by  charac- 
ters covering  like  a  net  the  whole  surface  of  the 
parallelograms.  In  lengthening  the  granular  parts 
of  granite,  and  dividing  the  parallelogruns  in  beds 
somewhat  thick,  we  obtain  the  character  of  gneiss. 
In  rendering  the  ibUated  texture  undulating,  and. 
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in  interrupting  it  by  nodules  (of  quartz),  the  cha- 
racter of  gneiss  is  changed  into  that  of  mica-slate. 
The  syenite  might  be  represented  in  the  same 
manner,  by  the  sign  of  granite,  to  which  might  be 
added  black  points  (hornblende).  These  charac- 
ters may  pass  from  one  to  the  other,  Hke  the 
rocks  which  they  "indicate.  By  using  them  in 
sections,  I  formed  very  detailed  drawings  of  the 
valleys  of  Mexico  and  Totonilco,  the  vicinity  of 
Guanaxuato,  and  the  road  from  Cuemavaca  to  the 
South  Sea;  those  drawings  have  the  advantage  of 
not  requiring  the  use  of  colours.  I  shall  not  enter 
more  into  detail  on  the  characters  which  may  be 
employed.  They  may  be  variously  modified  j  the 
conciseness  of  notation,  and  the  spuit  of  the  pasi- 
graphic  method  are  all  that  it  is  important  to 
attend  to. 
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